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B.C.E., 4, 12, 646. U.B.C. No. 661 183:621.039.7. 


L’ELECTRODEIONISATION A TRAVERS UN 
LIT DE REMPLISSAGE 
por E. Glueckouf 


L'auteur décrit la théorie, construction et con- 
ditions d’exploitation opti d'un déioni a 
lit de remplissage pour solutions diluées, offrant des 
possibilités intér dans le domaine du traite* 
ment des déchets radioactifs. Les dimensions d’un te 








Kurzreferate 


B.C.E., 4, 12, 646. U.D.C. No. 661 183:621.039.7. 


ELEKTROLYTISCHE ENTIONISIERUNG 
DURCH EIN FOLLBETT 


von E. Glueckauf 
Die Theorie, Konstruktion und _Optimalbetriche- 
bedingungen einer Fillb fiir 





verdiinnte Lésungen, die interessante Moglichkeiten 
auf dem Gebiet der Behandlung radioaktiver Abfialle 
bietet, werden beschrieben. Die Ausmasse einer 
sclchen Anlage werden fiir cine bestimme Aufgabe 








appareil sont données pour une tiache spécifi 
suivant la description des conditi d’ loi 
optimales. L’avantage principal d'une cellule de ce 
genre comparée aux cellules normales de désalinifica- 
tion est la différence trés peu importante entre le 
coit de reduire cent fois la teneur en sel d'une solu- 
tion diluée et celui de |’éliminer enti¢rement. 





1geg ‘hd, die Op th 
beschrieben wurden. Der Hauptvorteil dieser Art von 
Zelle im Vergleich mit den iblichen Entsalzungszellen 
besteht in dem sehr geringen Unterschied zwischen 
der Kost einer hundertfachen Verminderung des 
Salzgehaltes einer verdiinnten Lésung und derjenigen 
seiner vollstandigen Beseitigung. 


Pe3tome 


B.C.E., 4, 12, 646. U.D.C. No. 661 183:621.039.7. 


SNEKTPOAEMOHUM3ALIMA YEPES CNOA 
HACAAKH 
E. T'awxayd 

Onmcusawtca Teopua, KONCTpYKUMA HM ONTH- 
MAIbHad SKCUTYaTauHA COM, 3ANOMHEHHOTO HacalKolt 
WA AeHOHMZaNHH pasbaBreHHWXx pacTBopos. JlaHHas 
yeTaHOBka ABIAeTCA BeCLMa DepcneKTHBHOM B OOmacTH 
o6paboTkH paqHoakTHBHHx oTé6pocos. Yrasanw 
pasMephi TAaKOM ycTaHOBKE Ja onpexetenHOw saqaqH, 
¢ NpexWLyWMM ONMCaHHeM ONTHMAILHWX yoroBHil ee 
pabot. T'aapuwM UpemMymjecTBOM Takoro poga 
avelikH 10 CpaBHeHHW © H3BeCTHHMM AYeliKaMH 241A 
o6eccommBaHHA pasbaBNeHHHX pacTBOpOB ABIAeTCA 
BeCbM& H€SHAYHTeAbHaA pasHHya Me*KLY CTOHMOCTLIO 
cTOKpaTHOTO CHW2KeHMA coxepxaHHA coteit pasbas- 
aenHoro = pacTBOpa A CcTOHMOCTLID ero noaHoro 
yaasenua. 





B.C.E., 4, 12, 652. U.D.C. No. 66.096.5. 


LA FLUIDISATION APPLIQUEE A LA 
MANUTENTION ET LE MELANGE DES 
SOLIDES EN GRANDE QUANTITE 


par F. E. D'Arcy Smith 


L’auteur décrit plusieures installations récentes 
pour illustrer les avantages de la technique de 
fluidisation pour manier les solides en grande 
quantité. Avant de discuter les problémes des con- 
structeurs d’appareils de mélange par fluidisation, li 
donne un résumé du comportement des lits fluidisés. 
Les considerations applicables aux installations de 
mélange par fluidisation sont renforcées par un 
exemple typique d’un mélangeur de ciment. 


B.C.E., 4, 12, 652. U.D.C. No. 66.096.5. 


DIE VERFL USSIGU NGSTECHNIK IN 
ANWENDUNG AUF DIE BEHANDLUNG 
UND MISCHUNG = FESTKORPERN IN 
GROSSEN MENGE 

von F. E. D'Arcy Smith 


Eine Anzahl neurerer Anlagen wird beschrieben, um 
die Vorteile der Verfliissigungstechnik in der Behand- 
lung von Festkérpern in grossen Mengen hervorzu- 
heben. Bevor die Probleme des Konstrukteurs einer 





Verfliissig: hanl zu besprechen, beschreibt 
Verfasser kurz das Verhalten von verfliissigten 
Betten. Die auf Verfliissigung: hanlagen anwend- 





baren Betrachtungen werden von einem typischen 
Beispiel einer Zementmischanlage unterstiitzt. 


B.C.E., 4, 12, 652. U.D.C. No. 66.096.5. 


PASHIMKKEHME B NPMAMEHEHUM HK 
MAHUNYNAWUMHM VW CMEWUBAHMIO TBEPAbIX 
TEN B SONbWUX HONMYECTBAX 


®. 9. Jlapen Cunr, 

ABTOp ONMCHBaeT HECKOALKO HOBHIX YCTAaHOBOK JA 
NOACHCHHA UPeHMYUIeCTB TEXHHKH pa3oxKHKeHHA B 
UpuMeHeHHM K paboTe ¢ TReEpAHMM TewaMH B OoabmOM 
Komm4ecTBe, O6cyxyenmm 3afa%, nNocTapazeHHx 
uepe, KOHCTPpyKTOpaMH YCTaHOBOK pa3xXHxKaTeALHOrO 
emenummBanuaA | peqmectsyetT KpaTkah o630p mope- 
penne Pas RWKeHHHX cCl0eB. B  nog_tpepxqenne 

» OTHO?. xca K yeT aM pa32KH- 
aTeIbHOrO CMCIIMBaHHA, UPHBOAUTCaA THOWIeCKEM 
UpHMep WeMeHTOMeIIaIKE. 








B.C.E., 4, 12, 658. U.D.C. No. 66.045.1. 


RENDEMENT THEORIQUE ET 
EXPERIMENTAL D’UN REGENERATEUR 
ROTATIF 

por T. D. Patten 


Une bréve introduction est présentée a la théorie 
des échangeurs de chaleur régénératifs. Les essais 
compréhensifs effectués par le National Gas Turbine 
Establishment sur des échangeurs de chaleur régéné- 
ratifs rotatoires pour les centrales 4 turbines a gaz 
sont décrits. Les aspects principaux de ceux-ci sont 
le rendement d’échange de chaleur de la matrice 
d’arréte-fi la cont ion dans les conduites 
d’écoulement de la matrice et l'efficacite du systéme 
d'étanchement employé. 





B.C.E., 4, 12, 658. U.D.C. No. 66.045.1. 


DIE THEORETISCHE UND 
EXPERIMENTELLE LEISTUNG EINES 
DREHREGENERATORS 

von T. D. Patten 


Eine kurze Einleitung zur Theorie der regenerativen 
War t her wird gegeb Uber die umfas- 
senden Versuche des National Gas Turbine Establish- 
ment iiber rotierende regenerative Wairmeaustauscher 
fir Gasturbinenkraftwerke wird berichtet. Die 
Hauptgesichtspunkte sind dabei: die Warmeaus- 
tauschleistung der Flammensicherungsmatrize, die 
Verunreinigung in den Strémungsleitungen der 
Matrize und die Wirksamkeit des angewendeten 
Dichtungssystems. 





B.C.E., 4, 12, 658. U.D.C. No. 66.045.1. 


TEOPETUYECHAA WU 3HCNEPAMEHTASIbHAA 
XAPAHTEPHCTUHA POTALI“CHHOTO 
PETEHEPATOPA 

T. J. Ilarren 


B erarhe jaeTtcn kKpaTkoe sBeqenne B TeOpHHO 
perenepaTopHnix Tens006meHHuKOB. Onucann ncyep- 
nHBawmne ONNTH, mpopeyennue HannonaabHnM 
Tasoryp6unnnm Yapexyennem c¢ poTaqwoHHNMu 
perenepaTOpHLMH TeNJ00OMeHHUKAMH (IA rasoTyp- 
OunHwx snekTpoctanuni. Txapniimn opeqMeTamM aTHXx 
ONNTOB ABAAWTCH XAapakTepHCTHKAa Tensonepe_aqM 
niamenesayepxuBawomel MAaTPHUN,  3arpaAsHeHHe 
BHYTPpH KaHazos TeqwHUs MAaTPHUW M os hekTHBHOCTL 
NpHHATON cucTeMn YUAOTHEHHA. 





B.C.E.. 4, 12, 665. U.D.C. No. 621.646.9: 
621.039.84. 


L’EMPLO! DES TRACEURS RADIOACTIFS 
DANS LES PASSE-DIABLES EN PIPELINES 
par A. M., Ball, Jj. C. Dalgeish et S. Jefferson 

On sait qu'un traceur radioactif marqué d'une 
source Co** de 100 mC, employé en association avec 
les passe-diables en pipelines, peut étre décelé dans 
des conditions favorables jusqu’A une profondeur 
sous sol de 4 pieds 6 pouces. L’emploi d'un noyau de 
passe-diable de construction spéciale incorporant une 
source qui est liberée sous pression, permet la 
manutention d'une source de 500 mC sans aucun 
risque. Cette derniére est répérable a travers une 
épaisseur de 5 pieds de sol 4 compaction normale. 


B.C.E., 4, 12, 665. U.D.C. No. 621.646.9: 
621.039.84. 

ANWENDUNG VON RADIOAKTIVEN 

MARKIERERN IN ROHRSCHABERN 


von A. M, Ball, |. C. Dalgeish und S. Jefferson 


Es ist bekannt, dass ein von einer 100 mC Co** 
Quelle markierter Indikator unter giinstigen Ver- 
haltnissen unter einer Erdschicht von 4 Fuss 6 Zoll 
Dicke nachgewiesen werden kann. Mit einem 
besonders konstruirtem Rohrschaberkern, in dem 
eine unter Druck freigegebene Quelle enthalten ist, 
kann man eine Quelle von 500 mC gefahrios hand- 
haben. Diese ist durch 5 Fuss von normalverdichteter 
Erde nachweisbar. 


B.C.E., 4, 12, 665. U.D.C. No. 621.646.9: 

621.039.84. 
NPMMEHEHME PAQMOAKTMBHbIX MAPHEPOB 
B TPYSONPOBOQHbIX CHPEBHAX 


A. M. Boaa, Jix. 4. Jloarum «_C. [xedhhepcon 


Hasectuo, ato tpy6onposo_nwe ckpeOKH, meweHLe 
uerownmkom Co*’ p 100 mC, momHo mpocaequT. npH 
6aaronpaaTaunx ycuonmax go ray6uun B 4 gyta 
6 moftmos nog semaei. [Ip yexonau npumenenna 
enenHaubHo CKOHCTpyupoBaHHoro expeéKa e 
MCTOWHHKOM, OTHYCKaeMNM NO aBteHHeM, MOZKHO 
6esomachO MAHENyauposar, ucrownmk B 500 mC. 
Tlocaequuit moxeT mpocnexuBaTsea cKBOsb 5 yToR 
3eMIH B HOPMAALHO YNAOTHEHHOM COCTOAHHE. 





B.C.E., 4, 12, 673. U.D.C. No. 66.065.5. 


LA CRISTALLISATION INDUSTRIELLE : 
L'INFLUENCE DU MILIEU CHIMIQUE 
por D. E. Garrett 

L’auteur discute plusieures applications indus- 
trielles des modificateurs de la forme des cristaux. 
I presente ensuite quelques emplois nouveaux de 
ceux-ci et démontre comment ce phenoméne peut 
étre étudié et eventuellement utilisé dans des procédés 
ou le cristal ou le dirigement de sa croissance doivent 
étre améliorés. 


B.C.E., 4, 12, 673. U.D.C. No. 66.065.5. 


INDUSTRIELLE KRISTALLISIERUNG: DER 
EINFLUSS DER CHEMISCHEN UMGEBUNG 


von D. E. Garrett 


Im vorliegenden Artikel werden mehrere industri- 
elle Anwendungen von Modifikatoren der Kristall- 
form beschrieben, verschiedene neue Anwendungen 
vorgeschlagen und die Art besprochen, auf welche 
diese Erscheinung untersucht und eventuell in einem 
Verfahren, in dem das Kristall oder seine Wachstums- 
iberwachung der Verbesserung bediirfen, ausgeniitzt 
werden kann. 


B.C.E., 4, 12, 673. U.D.C. No. 66.065.5. 


NPOMbILUNEHHAR HPUCTAISIMV3AUMA : 
BNWAHWE XWMUYECHOA CPEQbI 
il. 9. Tapperr 

B cratse qaetea 0630p HeCKOALKEX NPOMWINeHHLIX 
upuMenenui smogudukaTropos gopmu KkpueTamaos. 
IIpeqcraszenu HeKOTOpHe HOBHe NpPHMeHeHHA 
nokasanh cuocobh MeCAelOBaHHA 9TOTO ABAeCHHA, a 
Take CTO BOSMOXHOTO NPHMeHEHHA B Tpomeccax, re 
KpucTadaa MAM yupaBzenMe ero poctom rtpebywr 
yayumenua. 
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Costs Unfolding 


OOLING is the Cinderella of process work, probably 
because it is considered the unproductive and waste- 
ful end of affairs. Yet it probably costs this country 
£3-400,000,000 per year and according to R. V. MACBETH 
of 1.C.I. some 20°, of that might be saved by air cooling. 
This was among the bombshells exploded at the recent 
symposium organised by the Graduates and Students 
Section of the Institution of Chemical Engineers. As the 
audience took the shock of these first figures, DR. MACBETH 
followed up with three costed examples comparing air 
with water cooling, setting out the temperatures, the heat 
duty and the types of material to be cooled. Naturally, 
his advocacy did not go unchallenged although none of 
the disputants was as well armed with figures as the 
lecturer. 

Is the lively junior section of the Institution setting a 
new fashion for Britain? Last year’s symposium, nominally 
devoted to chemical engineering economics, was utterly 
remote from the abstract spinning of words and formulae 
that makes up much of so-called economic study. Detailed 
cost figures were disclosed for process instrumentation, 
automatic control equipment, process vessels, heat ex- 
changers and other items. In this year’s event, with the 
innocuous title “ Utilities and Services in the Chemical 
Industry ” there was considerable emphasis on price figures, 
or at least price ranges. MR. BICKLE of the National Coal 
Board considered that in most cases only ranges could 
sensibly be given due to both wide variations in 
cost for identical quality of equipment and the further 
complication of variations in quality. His paper was ex- 
plicitly devoted to the subject of cost and did not neglect 
to deal with maintenance and supervision as well as the 
more usual items considered as utilities and services. 


Dealing with Radioactive Waste 


T present the only statutory controls over discharges 

of radioactive waste (other than that from premises 
of the Atomic Energy Authority and so-called nuclear in- 
stallations) are to be found in general legislation. Relevant 
laws such as the Public Health Acts, the Water Acts, the 
Rivers (Prevention of Pollution) Act, 1951, the Salmon 
and Freshwater Fisheries Act, 1923, and the Sea Fisheries 
Regulation Act, 1888, however were not designed with this 
specific purpose in mind. These controls are evidently 
inadequate and a serious situation could develop if the 
use of radioactive substances were to become widespread. 
We have previously (British Chemical Engineering, 1959, 
Nos. 8 and 9, p. 442) referred to the fact that the Govern- 
ment have accepted recommendations by an expert com- 
mittee that the discharge of radioactive wastes should be 
under government control and a new Bill has accordingly 
just been issued. Meanwhile interim action had been taken 
by the Ministries concerned. All sales of radioisotopes by 
the Atomic Energy Authority and all applications for im- 
port licences for radioactive materials are notified to the 
Ministry of Housing and Local Government. Any delivery 
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which seems likely to lead to a waste disposal problem 
is followed up, the user’s disposal arrangements are in- 
vestigated, and where appropriate the consumer is told to 
apply for any statutory consent that may be required. The 
records built up by the Ministry are said to show that no 
hazard from radioactivity arises from sewage or sewage 
effluent anywhere in the country. 

In Circular No. 57/59, the Ministry has now set out a 
useful summary of the action which various central gov- 
ernment agencies concerned with radioactivity have in 
hand on matters in which local authorities may have a 
direct or indirect interest ; this indicates the broad division 
of responsibilities between the Government Departments 
in England and Wales. More detailed briefing over a 
wider range of relevant topics will be available at the 
school to be held on January 14 and 15, 1960, by the Man- 
chester College of Science and Technology on radioactivity 
at water and sewage works. 


British Standards Selected to Help You 


WIDE range of British Standards is likely to be of 

value in designing a large chemical project. Yet they 
are not always used. To encourage engineers to apply 
them—presumably in the first place to acquaint designers 
with what is available and refresh fading memories—a 
new brochure* has been published. Issued under the 
authority of the Chemical Engineering Industry Standards 
Committee the information has been grouped, in general, 
according to function. Sections are then further divided. 
Materials of construction, for example, are subdivided 
into cast iron, steels, copper alloys and so on, including 
building materials. Obvious subjects are tubes for various 
purposes, heat exchangers, vessels, pipeline materials and 
the general category of chemical, gas and petroleum plant. 
But Standards dealing with general engineering practice 
are there together with those defining electrical matters, 
metallic finishes and safety. A quaint feature is that the 
titles listed are not always identical with those of the 
published Standards. They are stated to have been chosen 
in such a way as to provide the greatest assistance in 
selecting specifications for particular projects. This is 
very worthy and helpful, yet strange. It implies that the 
original titles themselves are not so chosen. 


* British Standards Which are of Direct Interest to the Chemical Engineering 
Industry, PD 3457—British Standards Institution. Is. 


What Can You Recover? 


HERE are many potentially profitable applications of 
L_ beneficiation techniques outside the mineral ore in- 
dustry. Ardent advocate for their use in new fields is 
A. L. WesNER of the Battelle Memorial Institute, Colum- 
bus, Ohio. To concentrate ores, engineers have applied 
differences in specific gravity, magnetic susceptibility, sur- 
face characteristics, electrical conductivity, resistance to 
grinding, and particle size and shape. But these properties 
have also served to enable process engineers to separate 
cord from rubber, recover white porcelain enamel, or re- 
cover near-colloidal lithium phosphate from brine. In 
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Battelle Technical Review (1959, Vol. 8, No. 9), Mr. 
WESNER has briefly reviewed these cases and explained 
how silver has been retrieved from waste photographic 
material. After the major portion of the silver is obtained 
by smelting, a slag is left which contains inclusions of 
metallic silver. These inclusions remaining in the slag 
must be recovered in a small volume of material to assure 
economic operation of the entire reclamation procedure. 
The slag is ground and treated by jigging and flotation. 
Jig and flotation concentrates are returned to the smelting 
operation for recovery of the silver. The success of the 
entire reclamation plant depends to a large extent on the 
economical disposal of the smelter slag by beneficiation. 


Mass Transfer as Guide to Heat Transfer 
from Finned Tubes 


TOMIC power stations built or at present under 
construction in this country are gas cooled. The 
heat is taken from the gas and steam generated in large 
tubes in shell heat exchangers. In designing the 
heat exchange equipment it is necessary to evaluate 
the heat transfer and pressure drop characteristics 
of finned tubing with gas in crossflow. Normally 
this has involved repeated tests of a large num- 
ber of finned tube types in various configurations. 
Dr. A. G. Raper of Head Wrightson & Co., Ltd., has, 
however, used an ingenious approach based on determining 
mass transfer from simulacra: of heating tubes. By this 
technique it proved possible to determine local heat- 
transfer coefficients over the tube surface as a guide to 
the choice of tube types considered worthy of test. Tubes 
of benzoic acid and cinnamic acid were cast and mach- 
ined into the shape of the finned, steel, heat-exchanger 
tubes. They were then placed in a water tunnel. Noting 
the change in weight and dimensions of the tube under 
test made it possible to determine local heat-transfer 
coefficients over the surface of the equivalent steel heat- 
exchanger tubes. This determination was based on an 
analogy between heat transfer and mass transfer. 

A number of tests made with the tubes arranged in 
crossflow on a staggered pitch showed that the method is 
successful in giving local heat-transfer coefficients. Dr. 
RAPER found that the heat transferred from the leading 
edges of the tube is greater than that transferred from the 
trailing edges, and therefore considers that it would be 
advantageous to introduce more surface area on the 
leading edges of such tubes. 


Silicon Nitride as a High 
Temperature Material 


T is not only engineers working on gas turbines and 
rocket propulsion who are interested in new materials 
usable at high temperatures. Nevertheless the Services’ 
research laboratories with these interests have naturally 
paid special attention to this field and sometimes useful 
crumbs have fallen for civil uses from the rich researchers’ 
table. An example is quoted in the current Bulletin (No. 
15) of the National Research Development Corporation. 
Of the five properties required in a successful high tem- 
perature engineering component it is considered that four, 
namely, oxidation and thermal shock resistance, creep 
strength and structural stability must be provided by the 
intrinsic nature of the material; the fifth, resistance to 
mechanical shock, can to some extent be provided by 
appropriate design. Of the four intrinsic properties re- 
quired, ceramics in general nomally possess good oxidation 
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For Science But Not Of Science 


HEN we reminded the new Minister for Science | 

that he had devoted the whole of his address | 
to the Institution of Chemical Engineers to an attack 
on the idea of a Ministry of this type, his answer was 
succinct. “I opposed the idea of a Minister of 
Science, but the new appointment is that of a 
Minister for Science.” Later Lorp HAILSHAM ex- 
panded a little on his duties. Two years’ experience 
as Lord President had convinced him that there was 
need for a policy for science ; that policy could not 
be the product of Government thinking alone. 
Science in this country increasingly touched life at 
every point, but it was at the moment too parochially 
minded, too departmentalised and lacking in the 
broader vision. His purpose was to make the voice 
of science coherent and articulate under Govern- 
ment encouragement, and in one real sense to make 
science self-governing under Government inspiration. 
For this purpose a greater use of the Advisory 
Council on Scientific Policy was inevitable. Whether 
this is a distinction with a difference from what the 
Minister had previously attacked is open to some dis- 
pute. However, we certainly welcome the new 
appointment and were interested to hear that the 
Minister intends to look particularly for growing 
points of science and technology in order to give 
them encouragement. Would he perhaps like to 
re-examine the question of bio-chemical engineering 
studies for chemical production, which D.S.LR. 
appear to have rejected? 











resistance, stability and creep strength, but good thermal 
shock resistance is more difficult to provide. The factors 
required for this are low coefficient of thermal expansion 
and Young’s Modulus with high strength and thermal con- 
ductivity. 

Materials possessing good combinations of these proper- 
ties were selected for further study at the Admiralty 
Materials Laboratory and the search was narrowed down 
to silicon nitride. A technique for producing the compound 
in the required form was eventually developed and an 
evaluation of its properties and potentialities has been given 
by D. M. Rag. Silicon nitride is not wetted by any of 
the common metals nor attacked at room temperature by 
gases containing sulphur or chlorine and it is resistant to 
most liquid acids. Though attacked by hydrofluoric acid 
it is more resistant than silica. In general it resists thermal 
shock and is chemically inert. It may well be of use as 
a support for high temperature catalysts, as material for 
thermocouple sheaths, crucibles, supports for advanced 
heat treatment, and containers for special purification and 
diffusion operations such as are employed in the semi- 
conductor field. 


Small Automatic Liquid Propane 
Storage Unit 


N Denmark, there has been a growing tendency in 
recent years to attach liquid propane storage units 

as peak load reserve plants to coal gas works. In addition 
some works employ these units as source for normal supply. 
In the Danfoss Journal (1959 No. 3, 3rd quarter) there 
are descriptions of fully automatic systems of both types. 
In warm weather, the gas is directly drawn from its 
storage tank but when temperatures are low it is 
evaporated in a coil immersed in water thermostatically 
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BCE 6531 for further information 


Going 
Up 
the 
wall’ 


Every so often you come up against the odd problem that drives you up 

the wall—a component that keeps packing up because it can’t withstand the 
corrosive or solvent action temperature of one of your process chemicals. Or 
maybe it’s something that sticks, jams or gums up the works. Either way the 
answer could be PTFE—non-corroding, insoluble, practically frictionless. We 
know more about it than most people. We shape, mould, machine and 
fabricate it in all sorts of ways to solve all sorts of problems in the chemical 
industry. For instance, we even make PTFE beakers up to 10 litres 
capacity! Pass one of your stickier problems on to us and let it drive us up 
the wall for a change. And in any event, send for our booklet all 

about PTFE and the interesting things we do with it. 


CiLilX FLUOROCARBONS 
PTFE & PCTFE 


SIEMENS EDISON SWAN LIMITED 47 4.E.1.C 
Product Department 17 - 155 Charing Cross Road - London W C2 Telephone GERrard 8660 
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maintained between 45° and 55°C. The gas then passes 
through an oil separator. A solenoid valve following this 
separator is controlled by a thermostat unit with a reversed 
contact system. This valve cuts off the gas supply if the 
temperature in the evaporator becomes too low and there 
is a risk of liquefied gas flowing into the supply pipes. 
The gas is then led into two discharge pipes each of which 
is fitted with a solenoid valve controlled by contacts on 
the guide of the gas holder. The solenoid valves close 
and open automatically in step with the upward or down- 
ward movements of the holders. Maximum production 
amounts to 7800 cu. ft (220 cum) per hour with one 
operator and production is fully automatic. 


Separation and Pumping by Non-Uniform 
Electric Field 


USPENSIONS of various solids in organic dielectric 
liquids can be continuously separated into their com- 
ponents by pulsating direct or alternating current electric 
fields of modest strength. Devices based on this principle 
can be used for clarifying or enriching suspensions and 
for pumping liquids or powders of low conductivity, A 
series of papers on the underlying science and the appli- 
cations have been published by HERBERT A. POHL of 
Princeton University, New Jersey, and his colleagues. 

Apparently there exists a critical lower voltage and a 
critical upper voltage between which operations must take 
place if appreciable separation is to occur. Best results 
are obtained if the dielectric constant of the suspended 
solids exceeds that of the liquid dielectric. In Plastics 
Laboratory Technical Report 53B, Dr. Pont describes 
experiments carried out under two types of conditions. In 
one set, cylindrically symmetrical electrodes were used 
while a close match of densities of powder and liquid was 
maintained. In such an electrode system, the force exer- 
ted upon the particles depended strongly (1/r°) upon the 
distance from the central electrode axis. In the other set 
of experiments, an attempt was made to operate between 
electrodes of such design that the force upon the particles 
did not depend upon geometrical position in the channel 
in which they moved (‘ isomotive ’ cell), while the particles 
fell freely through a liquid of rather lower density than 
themselves. Forces on the particles in the tray are con- 
sidered to come from at least five causes: 

(1) osmotic ; 

(2) gravitational (corrected for bouyancy) ; 

(3) dielectrophoretic, arising from the effect of the non- 
uniform electric field on the field polarised neutral 
particles ; 
dielectrophoretic, arising from the effect of the non- 
uniform electric field on the current-induced (or 
produced) dipoles on the particle surface; and 
electrophoretic, arising from the effect of the electric 
field on excess charges on the particles. Excess 
charges, in turn may arise from several possible 
causes. 

A considerable number of separations were investigated 
but special attention was drawn to the success in removing 
rutile from zircon sand because this mixture of minerals 
cannot be separated by density or magnetic methods. No 
serious cost comparisons with other methods have yet 
been made. 


Handle Metal Dusts Safely 


LUMINIUM and magnesium dusts have been the cause 
of many serious explosions. The Fire Protection 
Association has now issued a brochure* summarising the 
available information on the risks of handling these finely 
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Scholarships, Courses and Apprentice- 
ships in Chemical Engineering 


Primarily for the benefit of interested schoolboys 
and girls the Institution of Chemical Engineers have 
published a new pamphlet on education and training 
facilities. This is a unique collection of information 
on scholarships, courses and apprenticeship schemes 
in the field of chemical engineering, although 
regrettably it cannot claim to be all-inclusive. Printed 
in a large clear typeface it forms a detailed supple- 
ment to an earlier pamphlet entitled ‘“ Chemical 
Engineering: A Career.” 

In addition to the lists, there is a note on graduate 
training—first published in The Chemical Engineer, 
Aug., 1958, p. A43—prepared as a guide to assist 
those who wish to prepare schemes for their 
graduate trainees. This should make the publication 
of particular value to those with a professional 
interest in this branch of education. 

A copy of the pamphlet will be sent free of charge 
on written application to the Institution. 











divided metals and on methods of circumventing them. 
Powder grinding should be carried out in mills, each 
isolated by enclosure within a blastproof cubicle provided 
with an explosion vent. The doors should open inwards 
and be interlocked with the drive to the mill with a time- 
delay action so adjusted that the mill must cease rotating 
before the door can be opened. Where aluminium powder 
is produced by ‘ blowing’ the blowing unit should be en- 
closed in a strong chamber preferably situated in the open. 
The discharge valve should be interlocked with the blow- 
ing mechanism to ensure that it cannot be opened when 
blowing is in progress. Where a cyclone is installed to 
receive the discharge it should be connected to a hopper 
through a valve which should be interlocked with the dis- 
charge valve from the hopper to ensure that the valves are 
not open simultaneously. 

Screens should be similarly treated and it is preferable 
that the progress of the dust from grinding to screen 
should not be within a continuous enclosure which would 
provide a through path for an explosion. The brochure 
deals briefly with this and other aspects of safety pre- 
cautions. It concludes with references both to Codes of 
Precautions issued by the Fire Offices’ Committee and to 
the relevant Research Report of the Safety in Mines Re- 
search Establishment. A notable omission in this field is 
the absence of detailed relevant statutory regulations. 

* Technical Information Sheet 5003. Free. 


** Do-it-yourself’? Manual for 
Analogue Computers 


a familiarise the chemist or chemical engineer with 

the general methods of attack which can be used 
on analogue computers.” This worthy aspiration is met—in 
a report* from the Chemistry Research Branch of the Wright 
Development Centre, Ohio—by a preliminary introduction 
and a number of examples. CAPTAIN THEODORE J. WILLIAMS 
points out that analogue computers of the electronic differ- 
ential analyser type have been used for the solutions of 
problems in the fields of aerodynamics, aircraft stability, 
servomechanisms and control system design, and bal- 
listics with outstanding results for the past eight years or 
more ; yet they have not been generally applied to problems 
in chemical kinetics, in chemical reactor stability, or in 
other related fields. Problems considered in his report 
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include solution of the equations of the steady state laminar 
flame and the unsteady state laminar flame, flame pheno- 
mena in turbulent flow and the problem of simulating the 
steady state detonation wave. 

The general purpose electronic analogue computer is 
especially designed for the solution of families of simul- 
taneous, nonlinear, ordinary differential equations. Thus 
any problem to be solved on the computer must already 
be expressible in this form, or the set of equations at 
hand must be convertible to a set of ordinary differential 
equations by one or more of the standard mathematical 
methods. Problems involving completely-mixed, single, 
stirred tank, batch or continuous reactors, singly or in 
series, with time as the variable are the simplest to con- 
sider for solution by an analogue computer. Problems of 
temperature and composition gradients and profiles in a 
steady state chemical process when the variables are depen- 
dent on length but constant with time, require a change 
of variable on the analogue computer for solution. The 
normal length variable of the process must be expressed 
as a function of time on the computer. In the case of a 
tubular reactor, in effect, one follows a unit mass of the 
reacting material as it moves down the tube. Proper allow- 
ance must, of course, be made for mass-diffusion and heat- 
conduction. 

If problems are being considered of greater complexity 
than the one-variable cases mentioned above, special tech- 
niques must be employed. Some of them are discussed in 
this report. Examples are the determination of changes 
in temperature and concentration gradients in the unsteady 
state chemical process with lateral or spherical symmetry 
where length and time are the variables. Since the computer 
can only consider one variable at a time, the other must 
be eliminated by some means. This can be readily approxi- 
mated through the use of some of the techniques of finite 
differences. It results in considering one of the variables 
as a parameter. Problems with more than two variables can 
also be tackled. CAPTAIN WILLIAMS considers all these cases 
then concludes with a list of suggested topics for investiga- 
tion and a comparison of results possible with an analogue 
computer to those obtainable with other available methods 
of solution. 


* W.A.D.C, Technical Note 58-171; Astia Document No. AD 207528. 
Obtainable from U.S. Department of Commerce, Washington, 25 D.C. 


Cheaper Ways of Cleaning Air 


S a result of complaints about the nuisance caused 
by naphthalene-bearing air, a German factory man- 
agement consulted plant manufacturers for suitable cleaning 
equipment. They were offered an expensive catalytic 
combustion installation. An approach to the Institute for 
Water, Ground and Air Hygiene of the Bundesgesund- 
heitsamt led to development of a much cheaper solution 
based on the water spray and cyclone arrangement shown. 
The three nozzles each using 20 litres of water per hour 
are arranged so that the spray is counter-current to the 
crude gas entering the cyclone. About 10 kg of naptha- 
lene, formerly discharged to the atmosphere, is now 
recovered every day in the unit. It is remarkable that 
the cleansing equipment was constructed by a rather small 
plumbing firm, to the design of the Institute. 

Reporting this case to the recent Clean Air Convention, 
Dr. KETTNER, Scientific Assessor to the Institute, was 
critical of the over-emphasis on catalytic burning for dis- 
posing of wastes. He agreed that in the case of naphthalene 
it was initially uncertain whether it could be precipitated 
with water, since as a pure hydrocarbon, it is nonhygro- 
scopic. Optimum conditions for the precipitation of an 
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aerosol from air occur, if the aerosol is wettable by a 
finely divided liquid and in a precipitated state will 
spontaneously segregate out. Solvents for dissolving the 
aerosol are not very appropriate as this would mean a 
subsequent separation of the dissolved aerosol from the 
solvent, probably by distillation. However, it should be 
possible to find liquid reagents for each substance, which 
correspond to the conditions required. Water is the 
cheapest liquid as its activity may be varied by addition 
of surface-active substances and size of drops. The be- 
haviour of naphthalene with water is interesting since the 
solid is not wettable by water, when crystallized from the 
melt. From the gaseous state, however, it is wetted to a 
great extent by small water-drops. 








DIRTY AIR —w =3)- 








WATER SPRAY 


With appropriate additions of surface active agents, it 
was thought likely that water spray methods could be more 
widely used for removing aerosols and gases. Where they 
are technically practicable, such methods would be much 
cheaper than many present day cleaning processes used to 
prevent air pollution. 


Instrumentation Trends in U.S.A. 


| pared hand information on trends and developments 
in instrumentation has been reported by A. J. MADDOcK* 
after a five month tour in the U.S.A. carried out on behalf 
of the Department of Scientific and Industrial Research. 
Dr. Mappock—Deputy Director of Research at the 
British Scientific Instrument Research Association—paid 
particular attention to the oil and chemical industries. 

In respect of control systems it appeared that both 
pneumatic and electrical systems will be in use, at least 
for some time to come, and much will depend upon the 
conditions of use. Pneumatic systems have the merit of 
being easily understandable and easy to maintain, and 
initial cost of the instrument units is cheaper. They are 
very good for hazardous situations in a plant where an 
electrical system would need full protection against ex- 
plosion risk. At present this is mandatory, but considerable 
interest is being shown in British efforts to devise systems 
which are intrinsically safe and to get them accepted by 
industry. Electronic systems are valuable where speed of 
response is desired or where there are long runs between 
transmitter and control room. One contractor, however, 
considers that the greatest merit is the elimination of 
hysteresis (since there are no moving parts) and removal 
of its bad effect on derivative control. A further advantage 
is that when data logging or computing systems are em- 
ployed, the standard input signal required is electrical, 
and the output is also electrical. An appropriate electrical 
regulating valve, which would have characteristics similar 
to a pneumatic regulator valve, is still desired as conver- 
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sion is needed at this point. A gradual change to electronic 
systems is foreseen in most places for many new plants, 
but pneumatic systems will continue to be used in many 
situations. 

For data logging the general desire now is for the system 
to survey the output from all sensing elements in the 
plant at short periodic intervals and compare their outputs 
against previously determined set values: any deviation 
outside the limits set is to be typed out on an electric type- 
writer and in some cases an alarm sounded. Additionally, 
a complete record of the values of all detecting points is 
typed out at, say, hourly or half-hourly intervals. 

There is great interest in computer control of plants but 
up to the time of the report there was no plant in the 
U.S.A. which was computer controlled. Much of the 
hesitancy may have been due to electronic equipment gener- 
ally, and computer equipment particularly, not being con- 
sidered sufficiently reliable. Nevertheless, one of the large 
oil companies has had a pilot plant built which is fully 
instrumented and with computer control so that they may 
study, in miniature, the behaviour of an oil-cracking plant. 
The computer controls the set-points of the several indivi- 
dual controllers. In addition, a large engineering organisa- 
tion had been working on optimising schemes or control 
by automatic experimentation. Such computer control had 
been fitted to a pilot plant for a chemical company and 
another one is being built for an oil company. This scheme 
works on the basis of sensing the output controlled 
quantity. If any deviation occurs, the computer determines 
whether a small change in all the variables, considered one 
at a time, results in a change of the output towards or away 
from the desired value: the process is continually repeated 
until each is brought to equality with the desired value. 


* Instrument Practice, Automation and Electronics, Vol. 13 No. 9, p.923. 


Automatically Burning Less Coal 


RACTICAL experience in applying automatic boiler 

control to coal-fired shell-type boilers of steam capa- 
cities between 6000 and 15,000 lb/hr. is reported to have 
shown a saving in fuel cost alone of approximately 10%. 
In addition, the maintenance of constant steam pressure 
and constant boiler outlet temperature is reflected in im- 
proved efficiency of plant served by the boiler-house and 
reduction in maintenance. In the type of control most 
commonly used it is necessary to vary the fuel and air 
input in proportion to the load. This may be done by 
cascade or series control where the master controller 
changes one variable, usually air, and a secondary control 
adjusts the fuel by reference to an airflow measurement. 
Alternatively it is possible to use parallel control where 
fuel and air are adjusted simultaneously from the master 
pressure controller. Principles involved in applying these 
controllers are common to all systems, the only variation 
being in the method of measuring the variables and 
actuating the controls. 

At the recent Combustion Engineering Association Con- 
ference, the whole emphasis was on applying automation 
with the object of making coal as convenient to handle as 
oil. Papers dealt with ash as well as fuel handling, de- 
tailed study of control equipment as well as reviews of 
present-day practice. Mr. I. W. STEVENSON set out the 
purpose of automatic boiler control: firstly it must regu- 
late the generation of heat in accordance with demand, 
so as to maintain a constant steam pressure at the boiler: 
secondly it must control the supply of fuel and the supply 
of air required for combustion in the correct ratio to one 
another, so as to obtain maximum efficiency. In addition 
to these main requirements it is necessary, with certain 
types of stokers, to control the pressure in the combustion 
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space. If the cascade control system is applied to a Lan- 
cashire boiler the steam pressure is measured directly 
from the boiler steam space and is applied to a pressure- 
sensitive element operating a mercury switch controlling 
an electric motor. This motor is arranged to raise or 
lower the side flue dampers. The mechanism incorporates 
a mechanical damper-position feedback. To adjust the 
fuel feed, air flow is determined by measuring the pressure 
drop across the passes of the boiler; the resulting signal 
is then made to control the stoker motor. 


More Attention Needed to Welding? 


VER the last two decades welding has been applied to 

an ever-widening range of structures intended to with- 
stand ever more arduous service conditions ; more metals 
are continually being added to those that are welded com- 
mercially ; new joining processes have been introduced and 
special inspection techniques developed to seek out the 
weld defects. In his Presidential Address to the Institute 
of Welding Mr. E. SEyMour-SEMPER pointed out that all 
this development has called for more knowledge of the 
subject. The Council of the Institute adopted a proposal 
to establish a School of Welding Technology in October 
1957. Since then 30 day and evening Courses have been 
held and have been attended by more than 1600 senior 
personnel from Industry. This represents a_ threefold 
increase in the number of students trained annually under 
the Summer Schools formerly organised by the British 
Welding Research Association, which formed the founda- 
tion for the present courses. After reviewing train- 
ing facilities here and abroad, the President concluded that 
we must do all in our power to ensure that the necessity 
of good training is understood by the engineering industry 
and the Government ; welding should be brought in at an 
appropriate place in the education of engineers and weld- 
ing specialists trained in adequate numbers. 


Progress in Training Chemical Operators 


N its present form the scheme of training for qualified 

chemical operators adopted by the Chemical and Allied 
Industries Joint Industrial Council has now been running 
for five years. About 40 firms are operating the scheme 
including some of the largest in the industry. Over 500 
men are in training, of whom roughly one fifth are adults. 
The scheme combines a five year practical apprenticeship 
in a chemical works with a City and Guilds course in 
chemical plant operation. The apprentice must pass the 
final examination in order to qualify. On the Council are 
represented the Association of Chemical and Allied Em- 
ployers, the Transport and General Workers’ Union, the 
National Union of General and Municipal Workers and 
the Union of Shop, Distributive and Allied Workers. Local 
organisation is in the hands of 17 Area Committees. In 
general the studies are carried out on the basis of one day 
per week release from work for attendance at classes. 
These cover fundamental subjects common to all sections 
of the industry. The syllabus of theoretical training is 
very impressive, dealing with industrial science and instru- 
mentation, chemical plant, industria] calculations, draw- 
ings, report writing and special chemical technology. 
Practical training involves experience of 32 unit operations 
to be gained wherever possible in the works where the 
candidate is employed. The scheme has worked well in all 
branches of the industry—giving good results in heavy 
chemicals, drugs and fine chemicals, plastics, fertilisers. 
When an operator qualifies he gains an addition to his 
wages which puts him on a par with a skilled craft trades- 


man. 
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T would be difficult to find a field offering so many 

diverse attractions both for the trained engineer and for 
the newcomer to the engineering as the processing indus- 
tries. In this grouping which includes the metallurgical as 
well as the chemical industries a number of distinct trends 
have become apparent in recent times. 

There is the pronounced tendency to use ever larger 
equipment and to conduct processes on the largest possible 
scale. There are distinct trends towards greater complexity 
of processes and to the widespread adoption of new tech- 
niques in automatic control. In addition, the extremes of 
physical conditions, such as temperature and pressure, 
between which modern processes are carried out, are con- 
tinually extending. 

Take the case of the present trend in steam generation, 
which although mainly the province of the mechanical 
engineer embraces much that is of concern to the chemical 
engineer. Pressures of steam employed are rising steadily 
so that today it is commonplace to encounter pressures 
around the 2400 psi mark, and there is every indication 
that pressures approaching the 5000 psi will soon be com- 
monplace. Such developments are inevitably accompanied 
by fresh problems, one of them in this case, is that the 
feed water for such high pressure steam must have a purity 
measured in parts per billion and not parts per million as 
formerly. 









NEW DEVELOPMENTS—NEW OPPORTUNITIES FOR ENGINEERS 


It is evident too that the major chemical plants are 
becoming more and more like refineries, there is a possi- 
bility that some non-chemical companies will move into the 
chemicals field. While some British firms are expanding 
their activities overseas with some outstandingly bold 
ventures. Such a case is the recently announced agree- 
ment between the I.C.I. and the Celanese Co. of the U.S. 
with their joint enterprise for the manufacture of polyester 
fibres to be established at Shelby, North Carolina. 

Such technical and commercial developments are increas- 
ing the demand for chemical and mechanical engineers, 
not to mention those branches of engineering concerned 
primarily with automatic process control. In fact manage- 
ments of many firms with any semblance of a development 
programme are finding themselves faced with considerable 
problems of staffing in order to carry through their plans. 

On the other hand those experienced engineers who are 
seeking fresh fields to conquer, as well as the younger men 
who are emerging from the universities, technical colleges, 
or those who have obtained their engineering qualifications 
through the sandwich course route, have before them in 
the processing industries, a rewarding and exciting field in 
which to develop and exercise their skills. 

To such professional men, as well as to managements 
in search of qualified staff, it is hoped that these pages 
will be useful. 
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For Box Numbers reply to BRITISH CHEMICAL 

ENGINEERING, Drury House, Russell Street, 

Drury Lane, London, W.C.2. 


(minimum), 





TECHNICAL MANAGER 


for a well-known medium sized company of food processers 
with factories in the North-West and Scotland. Initial salary about 
£2,000 p.a. plus pension scheme and other benefits. Preferred 
age 30-45. 

The Technical Manager will be based in the North-West and 
will be responsible to the Production Director. His main duties 
will be to handle all technical problems and to improve and 
develop plant and processes in the North-West and Scottish 
factories. He will also be responsible for drawing-up and con- 
trolling manufacturing formulae and raw-materials and packaging 
specifications. In addition, he will be in charge of general quality 
control and, as a senior executive of the Company, will have every 
opportunity and encouragement to play a full part in very interest- 
ing work concerning the development of new processes and products. 

Essential qualifications are sound chemical enginecring back- 
ground in process industry allied with experience of plant control 
and the application of quality control techniques. Previous know- 
ledge of the food industry would be of advantage but is not essen- 
tial. A.M.I.Chem.E. preferred but a graduate chemist with suitable 
engineering experience would be acceptable 

Please write briefly in first instance, 
280 to:— 


quoting Reference No. 





ASHLEY ASSOCIATES LTD. 
PETER HOUSE, MANCHESTER 1. 
RETAINED TO ADVISE ON THIS AP°OINTMENT 
The strictest confidence will be observea and no details of 
candidates will be passed to clients without candidates’ permission. 

















CHEMICAL ENGINEER, age 22-30, required by 
well known Chemical Plant Fabricators in South 
London. The work invoives complete process 
designs, development work and general chemical 
engineering. Some industrial experience desirable. 
Minimum qualifications:—Degree or equivalent. 
Arplicants should give de:ails of qualifications and 
experience. Replies to:—Metal Propellers Ltd., 74 
Purley Way, Croydon. 














ms & have been retained to advise on the appointment of a 


DEPUTY RESEARCH 
MANAGER 


for a large public company with 
world-wide interest, manufacturing 
a range of specialised consumer 


adequate experience to equip 
them to take full administrative 
responsibility. Experience in 


products. He will assist the production, plant, or development 
Manager in the expansion of the engineering would be particularly 
company’s up-to-date research appropriate, and they are now most 
centre in the South of England, likely to be employed as research 
where there are well-equipped and/or development managers (or 


assistants) in the food or chemical 
industry. 


laboratories together with plant and 
process development workshops. 
The work does not include technical 
services, which are provided from 
other laboratories. The present staff 
is 120, of whom 22 are graduates, 
and this number is to increase. The 
successful candidate will be required 
to make occasional trips overseas. 


Initial salary will depend on age 
and experience, but is unlikely to 
be less than £3,500. Contributory 
pension arrangements. 


Please send brief details in 
confidence, quoting reference 





Candidates,aged preferablybetween 
35 and 45, must have an honours 
degree in chemistry, physics or 
mathematics, and have carriea out 
personal research for a few years, 
followed by experience of running 
a research team. They must have 


MANAGEMENT SELECTION 


LO.1941, to D. M. Sidney. In no 
circumstances will a candidate's 
identity be disclosed to our client 
unless he gives permission after a 
confidential interview at which he 
will be given full details of the 
appointment. 


LIMITED 


17, Stratton Street, London, W.1 
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EDWARDS HIGH VACUUM LIMITED, 
Manor Royal, Crawiey, Sussex, have the following 
vacancy in their Research Laboratories: 


CHEMICAL ENGINEER to _ investigate 
the distillation of thermolabile substances 
and to work on pumping, trapping and 
condensing problems in vacuum chemical 
systems. Applicants should hold a degree 
in Chemical Engineering or ¢cquivalent. 


Commencing salary for this post will be in 
accordance with age and experience. Both Pensions 
and Bonus Schemes are operated. Housing avail- 
able if from London Area. Write giving full 
details of previous experience to the Personnel 
Manager. 


RESEARCH 
A well known Company in the North-West of 


England engaged in manufacturing building pro- 
ducts has an important vacancy in its Research 
Department. Applications are invited from gradu- 
ates between 30 and 40 years of age who have 
original ideas on industrial processing with an 
interest in chemical engineering. It is important 
that candidates should have broad based industrial 
research and development experience and a caracity 
for management at a high level. This is a pro- 
gressive position and conditions of service are very 
good. Apply giving details of age, education, 
qualifications, experience and present salary to 
Chief Personnel Manager, Box No. B.C.E. 76. 








MONSANTO CHEMICALS LTD. 


have a vacancy for a 
Senior Chemical Engineer 


with Ist class Honours degree in Chemical 
Engineering and a minimum of 5 years’ experience 
in the chemical or allied industries. The experi- 
ence must include process design and commission- 
ing of large-scale chemical plant. 

The successful applicant will be based on the 
Engineering Department in London and he will 
be responsible for assessing new processes from 
the technical and economic standpoints and for 
developing the process design to the stage where 
detailed design can begin. 

Please send written applications with details of 
qualifications and experience to DL. 109, Personne! 


Derartment, Monsanto Chemicals Limited. Mon- 
santo House, 10/18, Victoria Street, London, 
S.W.1 








CHEMICAL ENGINEER required; qualified to 
undertake a development programme on new pro- 
cesses connected with the Food and Soft Drinks 
industries. The right man, who pereferably will 
have at least three years’ sound industrial experi- 
ence in the Dairy, Food or Brewing industries, will 
be given every opportunity to develop his own 
ideas Applications should be addressed to the 
Research Director, The A.P.V. Company Limited, 
Manor Royal, Crawiey, Sussex 





TUITION 


A.M.L.CHEM.E. More than one-third of the 
successful candidates since 1944 have been trained 
by T.1.G.B. All seeking quick promotion in the 
Chemical and Allied Industries should send for 
the T.1.G.B. Prospectus. 100 pages of expert 
advice, details of Guaranteed Home Study Courses 
for A.M.1.Chem.E., B.Sc.Eng.. A.M.I.Mech.E., 
A.M.1.Prod.E., C. and G., etc., a wide range of 
Diploma Courses in most branches of Engineering. 
Send for your copy today—FREE T.1.G.B. (Dept. 
43), 29 Wright's Lane, London, W.8. 


PLANT FOR SALE 


ONE No. 5 Kestmer Patent Spray drier in 
tinned iron with automatic gas fired air heater, 
high efficiency cyclone separator, wet scrubber and 
spare atomiser. Box No. B.C.E. 77. 


PLANT WANTED 


WANTED: Textile Testing Machine, 1,000 Ib. 
capacity. Belting Press, 12 ft. long Gooseneck 
Press. 2 Daylight, 2 ft. 6 in. long. Mixing Machine 
for P.V.C. Pastes, 50 Ib. capacity. V-Belt Machines. 
Building. Slicing. Skiving, Slipper Covering, Mould 
Wrapping and Mould Loading Machines. Steam 
Vulcanising Pan, 6 ft. long. 4 ft. diameter. Ban- 
bury Mixer, 5 Ib. capacity. Box BCE 75. 





REPRESENTATIVES 


WANTED. Representative for correspondence 
abroad, high carnings, instructions in writing. 
Write Fortuna Publishing Co., Vienna 1/8, Post- 
fach 49. 


SERVICE 


SHOTBLASTING in situ by the “ on-site” ex- 
rerts. Organic and inorganic coatings applied. Any- 
thing, anywhere, at competitive rates. Darnall 
Shotblasting Co. Ltd.. Doctor Lane, Sheffield, 9. 
Telephone 42896. 
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* prompt collection and 
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RECOVERIES LTD 


Dover Road - Trading Estate - Slough - Bucks 
Telephone : Slough 24622 
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Co-operate or... 


sae HEMICAL and plant makers, unite. You have a world 
of exports to win.” This, in essence, was the device 

on the banner recently raised by the chairman of the 
British Chemical Plant Manufacturers’ Association, MR. 
H. W. FENDER. Speaking at the annual dinner of the Associa- 
tion, he urged the chemical industry to take the plant men 
into closer partnership at every stage of development of 
a process and to use them for design work. Happily, the 
response of the principal guest, SiR WALTER Worsoys (vice- 
president of the Association of British Chemical Manufac- 
turers) was to declare his own devotion to the same cause. 
What are the grounds for this interesting development in the 
philosophies of these two great interdependent industries? 

On the side of the plant makers the answers are fairly 
obvious. Their main emphasis is to develop an even flow 
of work so that they can plan the use of staff, buildings and 
manufacturing resources. In this way they can use these 
facilities to the full, cut down overhead expenses due to 
idle time and, on the other hand, give better delivery dates 
by paying more attention to work-planning programmes. 
If they are called in without prior knowledge of what eggs 
are being laid, they may have to delay the hatching because 
of simultaneous demands from other fertile chemical manu- 
facturers. These considerations apply in respect to contracts 
from any source, but would promote healthy development 
even if applied in the first place only within Britain. 

However, there is also the overseas aspect. As an illustra- 
tion of a general point he had made last year, MR. FENDER 
complained that the British plant maker had been precluded 
from tackling a number of projects not only for Russia but 
for other countries, because he does not possess the process 
“know-how”. Thus, co-operation in design would help both 
our chemical manufacturers to get plant on stream quickly 
and also develop expertise in the plant makers. One may ask 
if it can reasonably be considered the business of the 
chemical industry to promote export trade for those who 
make plant and thus possibly create competition in chemical 
supply. Probably there are two main considerations when 
examining this problem. In general, technical collaboration 
between Britain and the developing countries must lead to 
increased goodwill and that, in turn, to more trade. Yet this 
is rather a diffuse basis for asking one industry, even a 
closely related one, to give backing to another. More 
germane and direct is the evidence presented by SiR ALEXAN- 
DER FLECK last midsummer, showing that development of 
chemical manufacture by other countries had resulted in 
increasing chemical exports to those countries. So, although 
each developing country wants its own chemical industry 
the overall effect appears to be one of stimulating demand 
for chemicals as part of the general pattern of industrialisa- 
tion. 

It should be carefully noted, however, that SrR WALTE? 
Worsoys’ statement of support for the general theme put 
forward by the B.C.P.M.A. chairman carried several stings, 
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and not only in the tail—though these were evidently 
directed towards provoking action, not wounding. For after 
urging attention to good research, good technology and 
good commerce—“points already fairly well appreciated 
and practised by the chemical industry’—Sir WALTER 
added: “I am wondering how far they can in fact be prac- 
tised by chemical plant manufacturers.” While the former 
must realise the advantages in giving the latter responsi- 
bility for design, procurement and construction of plants, 
the plant maker must develop an organisation and perform- 
ance to inspire the confidence of the chemical manufac- 
turers. Where this had happened—in petrochemicals, gas 
production and nitrogenous fertilisers—substantial business 
had resulted. Of course, the chemical firms would also need 
to make an effort, particularly in overcoming the habits of 
secrecy, even in respect of information that is really not 
confidential. In parenthesis, we might mention that, from the 
standpoint of the Technical Press, this secrecy often hampers 
us in providing the technical information service which 
both these branches of production need. But returning to 
our earlier theme, a noteworthy suggestion by Sir WALTER 
was that he would like to see such close co-operation that 
whenever a chemical manufacturer licenses a process abroad, 
he will try to arrange that a British chemical plant manu- 
facturer builds the plant or plays a large part in its design. 

Is the development of large consortia the answer here as 
in nuclear engineering and in missile design? There are 
certainly trends of thought towards developing large tech- 
nological groupings capable of dealing particularly with 
large overseas projects. However, there is no reason to con- 
sider this the only form of association. Looser interim 
groupings for particular projects may well be the more 
appropriate forms in some cases. What matters is the 
general approach, which needs to be symbiotic to be most 
successful. 

First fruits of collaboration are already to be seen in the 
research projects jointly backed by the two associations. 
Arrangements have been made with five universities for 
work on the six projects recommended as suitable subjects 
for basic research by the Distillation Panel. Two of the 
projects were allocated to the Imperial College of Science, 
London, and one each to Birmingham University, Batter- 
sea College of Technology, Manchester College of Science 
and Technology and the University of Swansea. Permanent 
liaison is maintained with these colleges by members of the 
Distillation Panel and progress has been described as satis- 
factory. In addition a detailed questionnaire asking for 
practical details of the operation of industrial-scale packed 
columns is said to have had a good response. There is also 
a joint panel on liquid/solid separation which is inquiring 
into the needs of the chemical industry in this field. Further 
similar panels are now being considered. 

In respect of research, therefore, we can say that the 
point has been well taken. But what of production projects? 
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ELECTRO-DEIONISATION THROUGH A PACKED BED 





Fig. 1. Pilot plant for the deionisation of 50 gph of 
water (1000 ppm Na NO)). 
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Fig. 2. General scheme of the bed of packed bed 
demineraliser. 
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The theory, design and optimum operating 
conditions of a deioniser with considerable 
promise for the treatment of dilute radio- 
active wastes 


by E. GLUECKAUF, M.Sc., D.Sc. 


XPERIMENTAL work on the electro-deionisation of 

solutions by passage through a mixed cation-anion 
exchanger bed has been described by WALTERS, WIESER 
and Marek,’ and by Burns and GLUECKAUF,’ the latter 
having based their data on the experiments by SAMMON 
and Wartts.* 

The principle involved is that a solution passes through 
a bed of mixed exchanger material, which is held between 
two membranes. One of these is permeable to cations only, 
and the other to anions only, and an electric current 
passes at right angles to the liquid flow in such a way that 
both cations and anions are removed from the mixed bed 
through the membranes. Under these conditions the mixed 
bed is converted partly to the H* and OH~- form. The 
system can therefore be considered as an ion-exchange 
column with continuous electrolytic regeneration. 

In practice, one would have a series of alternating de- 
ionisation and concentration compartments, in the same 
manner as for the normal electrolytic de-salting cells, as 
this arrangement reduces both the number of compartments 
needed, and also the electrical power consumption (see 
Fig. 1). When a solution of constant composition runs 
through a single cell of this type, a steady state is set up, 
and a solution of constant composition arises as product. 
This type of equipment is particularly useful for the de- 
ionisation of dilute solutions (<N/100), which to deionise 
in normal cells without packing would require high voltages 
on account of the polarisation occurring in the unstirred 
layer close to the membranes. The packed cell therefore 
offers considerable possibilities for the final decontamina- 
tion of dilute radioactive waste solutions, after prior 
removal of ions which are precipitable by OH™ ions. 

In the case of the packed cell, concentration polarisation 
does not arise, as at low concentrations, electrolytic con- 
duction proceeds primarily through the ion-exchanger 
particles and not through the aqueous solution. There are, 
however, similar phenomena taking place at the point of 
contact of ion-exchanger particles with the membranes 
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Symbols Used 
A = membrane area; 
au» 
Ak’ 
aa D 3a8 . 
r?* 2(1—a) ’ 
€ = concentration of bulk solution, eq/cc; 
c° = concentration of the solution in contact with 


the particle surface; 

mean of above; 

diffusion coefficient in solution; 

Faraday unit, 96,500 coulombs/equiv.; 
volume flow-rate, cc/sec.; 

current density, amp/cm’; 

equilibrium constant of ion exchange, 
capital charge factor; 

power charge factor; 

membrane surface area of cell; 

cost of purification in d./1000 gal.; 

width of cell; 

distance from anion exchange membrane; 
equivalent fraction in exchanger; 
thickness of diffusion layer around particles; 
Fbwé/J; 

packed fraction of cell; 

accessible area of particle surface; 
current efficiency = Jna/(Jna + Ju) = Ji/J; 
resistance of 1 cm?* of cell; 

ke | 8Qki; 


Subscripts 
1, cation; 2, 


GOs we NP € SQu FF eV nd 
Tee | 


anion; 3, H+; 4, OH-. 











of different types which, similar to some polarisation 
phenomena, lead to the electrolytic splitting of water into 
H* and OH ions. It is these processes which lead to a 
regeneration of the mixed-bed “column”. 

The mechanism of Ht production at the interface, 
between two membranes when the current passes in the 
direction 


N ; , 
cathode —-~ — NH,NO, solution —~ cation exchanger 


100 
. N 
membrane ——> anion exchanger membrane —> i00 NaNO, 
solution (see Fig. 2) 


has been tentatively explored by LITTLEJOHN.‘ He was able 
to show that, at a current density of 1 mA per cm’, only 
4.5% of the current is carried by Na-ions, and as a 
similar amount is due to the NO;-ions, approximately 
90% of the current must be carried by H* and OH™ ions. 
The proportion of H+ and OH™ ions increases further 
with increased current density. 

Qualitatively, the same process arises at the point of 
contact between an anion-exchanger membrane and cation- 
exchanger particles. The result of this is that the cation- 
exchanger particles are largely in the H* form, while the 
anion-exchanger particles are largely in the OH- form. 
Thus the transfer of ions out of the deionisation compart- 
ment proceeds in two stages. 

In the first stage they are transferred from the solution 
to the ion-exchanger particles by ion-exchange processes, 
the cations being exchanged against H*, the anions against 
OH-; and as H*+ and OH~ in the solution are being sub- 
stantially removed from the equilibrium by formation of 
water, the process of exchange adsorption of these ions is 
practically irreversible. 

For dilute solutions, such as we discuss here, this ex- 
change process is diffusion controlled in the aqueous phase, 
i.e., by the ions having to diffuse through a thin film of 
effectively unstirred solution to the surface of the ion- 
exchanger particles. 

In the second stage the ions are transported inside the 
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exchanger particles by the electric current flowing through 
the exchanger bed until they reach the membrane walls of 
the cell, through which they leave the compartment and 
pass into the concentrate stream. As the presence of OH- 
and H* ions is necessary for achieving the transfer of the 
electrolyte into the exchanger particles, the H+ and OH- 
ions also take part in the electric current transport, and 
as their equivalent conductance is much greater than that 
of ordinary ions, only a fraction of the current is utilised 
for the removal of the ions of the electrolyte. In general, 
the better the current utilisation, the slower is the diffusion 
transport and the larger the volume and hence the cost 
of the equipment, and vice versa. Optimum conditions 
have thus to be found for the most economical deionisa- 
tion, which form a compromise between current consump- 
tion on the one hand, and size of the equipment on the 
other. 

Taking into account that the ion currents will avoid 
multiple changes from one type of exchanger to another 
due to the exclusion of ions of the same charge, we can 
visualise the conductance process in the cell approximately 
in the manner shown in Fig. 3. At the interface between 
the anion exchange membrane and the cation exchanger 
particles, the current will be carried partly by H* ions in 
the exchanger and by OH ions in the membrane, and the 
voltage must be high enough (>0.8V) to dissociate the 
water molecules into H+ and OH™ ions. The hydrogen ions 
will then be transported (mainly by proton transfer) along 
the chains of cation-exchanger particles until they reach 
the other side of the cell where they pass out through the 
cation exchanger membrane. On the way, Ht wiil 
exchange, by normal ion exchange, with the cation (say, 
Na*) of the solution. The H* concentration in the particles 
will therefore decrease along the conduction path, so that 
the solution will loose its electrolyte cations faster near the 
anode side of the compartment and its anions nearer to 
the cathode side where the OH™ ions are more plentiful 
in the anion exchange particles. 

If we have a wide compartment, this would no doubt 
lead to differences in the solution concentration across the 
cell. In our calculation we shall assume, however, that the 
cell compartments are sufficiently narrow, so that the 
lateral concentration gradient in the solution is sub- 
stantially wiped out by convective mixing. We therefore 
treat the concentration of the bulk solution as constant for 
any given distance from the entrance point into the resin 
compartment, independent of its distance from the mem- 
branes. The assumption that the point of water hydrolysis 
lies at the contact between membrane and exchanger of 
opposite type is, of course, a simplification. One can 
obviously visualise paths of the type: 

A membrane — A —- A * C-C -C, etc. - C — C membrane 
OH OHH H H 

Such current paths would, in fact, be slightly more favour- 

able for ion removal. The differences, however, are so 

small that it is not justifiable to introduce a complicated 

theoretical treatment based on a variable position of the 

point of regeneration. 


Theory 

As a result of the two-stage removal process of the 
ions from the deionisation compartment, involving ion 
flows in two dimensions, it is necessary to set up two mass- 
balance equations. The first concerns the diffusion transfer 
from the flowing solution into the particles (Equations 1 
to 4); the second concerns the electrolytic transfer of the 
ions along the particle chains, from the interior of the 
compartment to the appropriate membrane which permits 
their passage out of the compartment (Equations 5 to 13). 
The combination of these two processes then leads to the 
final equations (15, 23 and 24). 
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Looking at the mass balance in a narrow section of the 
“column” involving an active exchanger surface area dS, 
the amount of electrolyte lost from the solution per second 
‘f. dé) must be equal to the amount diffusing into the 
particles through the liquid film of surface dS. 

é—@ 


. ooo (fl) 


where f = the volume flow rate (cc per sec.) in the cell; 

é = the mean concentration of the bulk solution 
taken over the section; 

é° = the mean concentration of electrolyte at the 
interface with the ion exchangers (ci or c»), 
taken over the section; 

D diffusion coefficient of the ions in water; and 

A = the mean thickness of the diffusion layer. 


f.dec=-—D.ds. 


If the packing ratio of the bed is « (0.6) and the 
particle radius r, then the total particle surface per cc of 
bed volume is given by 3 «/r (cm). Due to contact 
between the particles, only a fraction, 8, of the total surface 
is accessible. Moreover, if the bed consists of an equal 
volume of cation exchanger and anion exchanger, then 
only half of the surface area is useful for the exchange 
of each ion type. Hence 


as = aa.w. [P28] a 
of 


where dA is the area of membrane of each type bordering 
the differential section of the column and W is its width, 
from membrane to membrane, W .dA being the volume of 
this section. 

A can only be estimated; it would be roughly propor- 
tional to the particle radius, and it would be the smaller 
the bigger the packing ratio, «. For a packing ratio « = 1, 
A would tend towards 0. Tentatively we put it as 


A=r(l— 2) cio 


which gives us a conservative value for the amount 
diffusing. 
The combination of Equations 1, 2 and 3 leads to 


dé DW 328 
— = — -— SO - C 
dA fe Xi—«**' 

We must now assess the value of @;. Let us consider the 
case of a 1:1 electrolyte, and where an example is taken 
it will be NaNOs. 

Denoting the distance from the anion permeable mem- 
brane with the letter w, we can then set up another mass 
balance, as the differences in the Na current along the 
chain, i.e., of 


— é,9 woes (4) 


Jy | AX) 

=— = | ————__ . JF ee 
F Ag + AgXs ©) 
must arise from the amounts of ion diffusing into the 
section between w and w + dw (at constant distance from 
the cell entrance). 


This leads us to the mass balance 


Ay) 3 a6 é—c,° 


ta (ith) 0.232. 
F° ine, + dots =D. > . ow. A «stem 


l _ DF 328 
AsXy | Jr? * 2(1—2) ° 
Ay Xy 
where c,° increases along the w-direction. Here 

J = half the current density (amp./cm’ of membrane); 

F = Faraday constant; 

A = equivalent conductances; and 

x: and x; are the equivalent fractions of, say, Nat 

and H?* in the cation exchanger. 


w.(E—c, ....(7) 
i+ 


With diffusion in the aqueous solution as the rate- 
determining step, x1, (= 1 — xs) can be considered constant 
within the particles for any given distance w, and hence 
throughout a narrow section of the conduction path within 
the resin, and the resin will be in equilibrium with the 
solution in close contact with the exchanger particles (c;°, 











c3°). Hence we have the equilibrium relation: 


x, c,° c,° 
—=k.— =k — oeet 
X3 c,° é — c,° (8) 
a’ +c°=é ion 
We can eliminate x:/x; in Equation (7) with Equations (8) 
and (9): 


1 1 b 
= F— iw 





- = ee 
é—c,° a(é — c,° J 
et 
Ag 
_D 348 
a ..--(10b) 


The constant a is thus essentially a function of the elec- 
trolyte and exchanger material properties, while 5b is a 
function essentially of particle size, and to some extent 
of the temperature, and thus can be adjusted to improve 
the operating conditions. 

If the membrane at w = 0 is impermeable to cations, we 
have the boundary condition for Equation (10) 





w=0 cf = om see 
which leads to 
one (a — 1)c,° aos t enue a 
a(é — c,°) aé — (a — 1)c,° J bie 
eS 


The boundary condition (11) is again a simplification, as 
it is known from experiments‘ that with some anion ex- 
change membranes about 5% of the current through the 

0 
Cy 


membrane is carried by Na-ions. The Na fraction = 


could therefore be as high as 0.05 .a@=0.25 in the region 
é=0.01 molar, but it is likely to be much less and 
probably negligible for lower concentrations. For most 
part of the system the boundary Equation (11) would 
therefore appear to be adequate. 

We are interested, however, in the mean value of 
é,°/é, as the diffusion into the particles will, on the average, 
be dependent on this value (see Equation (4) ). 

This mean value is given by: 








An explicit solution is possible if a= 1 


‘e,9 
when (& = l1—e-z .. (12a) 


(=) = 1+ (e-7—1)/Z - + (13a) 


This value can then be introduced into Equation (4), thus 
giving the complete differential equation for operation of 
the cell 


and 


dZ 





oe, Gs —-Z — **ee 
dar bWee 1) 3 (14) 
Integrating with the boundary conditions 
A=0 é=c or Z =Z; 
A=A €é=corZ=Z 
we obtain 
1 e7i—1 
dees aap ers 


which relates the inflow and exit concentrations with the 
dimensional and operating parameters of the cell (see 
curve A in Fig. 5). 

When a + 1, a different course has to be taken. For 
this purpose we introduce the local current utilisation » at 
the point where the ion current leaves the cell: 


J; AX) 
= 4-(-*5), nn 
Eliminating x with Equations (8) and (9) this becomes 
re (c 1°w 
aé — (a — 1) (cw 
With this we can transform Equation (12) into 
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—aln(l—»)—(@—1)7 = 2 bw =Z soantae 


Equation (18) gives us 7 as function of Z (see Fig. 4). 

With » known, we can write the mass balance of the 
cell in the form 

o J 
f dé = 7. F .dA 

(instead of Equation (1)). Here the right-hand side is the 
amount of cation removed by the current from the cell 
through the differential membrane area dA. 

We replace now dc in Equation (19) by 


me 
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.daZ (definition of Z) 


+++ (20) 
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and dZ from the differentiated Equation (18) by 


az =| —(@—0] ar @8 
which leads to 
or aA = —adin(l—»7)+dlinn ....(22) 
Integrated, with the boundary conditions 
A=0 7= 
Az 4 "= Ne 
this gives the solution 
bwAlf = —a in —™ + in —. 
1 — Ne Ne 


where the values of » (from Equation (18)) can be read 
off from the graph of Fig. 4. For the evaluation it is, in 
fact, more convenient to replace the term with (1 — ») 
from (18), which then gives: 


bWA/f = Zi — Z. + (@— 1) (4 — 2) + In 1i/ te... (24) 


Equation (24) shows that, at very high values of Z (or c), 
where »= 1 
bWA/f —> Z:—Z. 

while at very low values, where » ~ Z, and where the last 
term dominates 

bWA/f —> In Z;/Z. = In ci/ ce 
The solutions for several values of “a”, for a depletion 
ratio of 10, i.e., (Z- = Z;/10), are shown in Fig. 5. Both 
at very low and very high values of Z the values of 
bWA/f are independent of “a”, tending in the former case 
towards In 10, in the latter case towards 0.9Z). 

For the removal of 1:1 electrolytes, e.g., NaNos, the 
cation removal has the larger value of “a” (=5) and 
therefore requires a greater membrane area A. The cells 
have therefore to be dimensioned according to curve C in 
Fig. 5. 

Equations (23) and (24) make it clear that the concen- 
tration changes (represented by Z and ») are a function 
primarily of the total cell volume (A .W) and not of the 
length dimension, or the number of compartments, or their 
width. However; a reasonably small width to length ratio 
must be chosen, so as to maintain a laterally uniform 
concentration. 


Comparison with Experiments 

We can test Equation (12) by means of the data obtained 
by SAMMON and Watts on their various cells by calculating 
the active cell area A from the observed data of c; and c, 
(see Tables 1 and 2). The equipment used for the data of 
Table 1, which was capable of purifying 50 gal. of water 
per hr, is shown in Fig. 6, and described in more detail 
in Ref. 3. With c; varying by a factor of ~~50, c. by about 
300, and the current density from 0.8 to 5mA/cm*, the 
calculated values of A show a reasonable, but by no means 
perfect constancy (see last column of Table 1). The cal- 
culated mean value of A agrees very well with the one 
actually used. 

In another experiment, SAMMON and Watts used a small 
experimental cell with a smaller particle size, thus attaining 
rather larger values of Z and ». The data for this cell are 


A=35cm*’ W=10cm particle size 30-60 mesh: 
r=~002cm t=25° Dwea-n = 2.3 X 1075 
a=49 b= 0.101 


While the calculated values of A show a trend with the 
variation of J, the absolute value of A as calculated 
is moderately well reproduced. The agreement would be 
even better with a value of r = 0.025. The observed trend 
is due to back-diffusion from the concentrate compart- 
ment, which would particularly affect the data with the 


650 


greatest depletion, which in these experiments reached a 
factor of 100. The concentration in the concentrate com- 
partments in the experiments of Table 2 was kept constant 
at 2.5 X 10-° eq/cc, i.e., 0.025N. Even greater defects were 
observed with higher concentrations in the concentrate 
compartments (Ref. 3). 


TABLE 1—Data of Permutit Cell 

















eq/10* cc (Na) | Current 

Exp.| Cell | ci Ce =2J q cc/sec. | from 
(mA) Eq.(24) 

1 1 | 1.83 | 0.143 3.3 0.186 41 21,700 
2 | 0.143 | 0.0043} 0.83 0.062 % 23,200 

2] 1 | 1.28 | 0.096 3.25 0.134 mi 21,200 
2 | 0.096 | 0.0087} 0.92 0.034 a 20,900 

3 1 | 1.26 | 0.117 3.10 0.190 57 27,400 
2 | 0.117] 0.0087} 1.08 0.052 - 24,000 

4]; 1 | 1.22 | 0.074 3.0 0.172 50 27,500 
2 | 0.074| 0.0043; 1.17 0.027 se 22,400 

9/ 1 |50 1.35 3.20 0.52 bat 25,100 
2 | 1.35 | 0.350 1.00 0.49 PS 22,300 

11 1 | 3.7 0.825 5.2 0.25 - 19,200 
2 | 0.825 | 0.130 1.67 0.188 a 19,700 

mean value 22,900 





























Data used: t=20°C, Dna—~H=2.1 X 10-5, particle size 15-50 mesh: 
used mean r~0.04 cm., Asr/AyR=6.9, Kna/H=1.4, «~0.6, B~0.8, 
W=0.31 cm, a=4.9, b=2.3 x 10—*. Total cell area: A=36 cells 
at 600 cm? each =21,600 cm?. 












































TABLE 2 
ci x 10° Ce X 10* A calc 
eq./cc eq./cc (mA) (cc/sec.) (cm?) 

3.13 0.13 6.3 0.25 33 
te 0.087 6.3 7 31 
os 0.057 8.9 i 29.5 
> 0.035 10.1 re 29 
i 0.030 11.4 ms 27.5 
0.030 12.7 ra 26 
TABLE 3 
Salt Current 
bw depletion density Alf U 
cj tO Ce (opt.) =2/ (opt.) d./1000 gal. 
mA./cm? sec./cm 
( 10-* to 10-* 3.0 1010 33.2 
10-* to 10-7 1.96 485 14.2 
) 10-7 to 10-* 1.08 366 9.7 
0.0071 10-* to 10-° 0.50 338 8.3 
10-* to 10" 0.24 324 7.7 
(}10*to10* | 2 tiCdYT:sC 25233 | 732 
(| 10-* to 10-* 4.02 500 18.2 
10-* to 10-7 2.66 152 4.8 
10-” to 10-* 1.64 86 2.4 
0.0355 < | 10-* to 10-* 0.88 70 1.8 
10 to 10- 0.80 65 1.6 
L| 10-* to 10- 873 | 288 
10-* to 10-* 4.72 373 14.3 
10-* to 10-7 3.42 72 2.5 
10-7 to 10-* 2.24 29 0.9 
0.142 10-* to 10° 1.82 19 0.5 
10 to 10-* 1.50 17 04 
10-* to 10- oe 1 ome 
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Optimum Running Conditions 

If we have a deionising unit of given cell area A, then it 
will be of interest to find the optimum running conditions, 
as function of the variables f/A (the flow of water that 
can be dealt with by a given cell area A) and 2/ (the 
current consumption), with given fixed input and effluent 
concentrations c; and Ce. 

It is apparent from Equation (24) that as we increase 
the current density 2J (which reduces Z and 7»), f/A will 
also increase, but rather slower. The optimum condition 
will arise when the capital charges which are proportional 
to A/f, and those for the power consumption, which are 


approximately proportional to J*. 4 add up to a minimum. 


We have therefore to combine Equation (24) with the 
condition 


A 4QJ? . kiA 
— .ke + ——— = TU ee 
f f 
where k. = the capital charge per cm’ of cell area per 
year; 


k; = the cost of a watt-year; 
Q = the resistance of 1cm? area of the cell unit; 
and 
U = the cost of desalting 1000 gal. of water. 
(The figure 7 arises from the conversion of units.) To give 
an indication of the value of the constants: 
For the Permutit cell (W = 0.31 cm) 2-500 ohm. 
k. may be of the order of 0.16d. (20% p.a. of £3 per 
sq. ft of cell area) and k; ~ 13d. (at 1.5d. per kWh). 


The condition for minimum U is sa =0 


or from Equation (26): 





d : as in 
=> Qk; J? — + = J= _— 

ke ut ki J Ta eel, J=0 (27) 
Equation (27) can be written in the form 
fdInJ = ke : 1 

—(sew ae = ment wo. (28) 

Replacing —(@ In J) by @ In Z and collecting the constants 

ke — J,2 
80k, = * as oe 


the condition for optimum economy can be written in the 
form 


J opt. — y . Gz; eoes (30) 
dinZ 1\-—3 
where Gz; = din Aff —<_ ') eeee (30a) 


is a function of Z only, which can be obtained from the 
slope of the graphs of Fig. 5, or directly by computation 
from Equations (12) and (24). 

Knowledge of G,,) gives us the value of the optimum 
current density J (from Equation (30)) and eliminating J 
in Equation (26) by (30) gives us directly the cost of 
reducing the salt content by a factor of 10: 

ke A Sp) 
—— 7 ¥ (: + 2 

For practical application these functions of Z have to be 
related to ¢ and the best way is by means of the relation 

ot em <- = Z. Gz) = function of Gz) 


definition Equation (30) 
of Z 


ee 


WFE 
Y 
which is based on the constant a = 5 and the depletion ratio 


WF 
Z;/Ze = 10, which then gives us (Zj)on. = ar [Gen and 





b ‘ 
We obtain G,z) from = Z . Gz) by means of Fig. 7, 
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Jom. = YGiz. Then we obtain A/f from Z; by means of 
Fig. 6, which gives us all the parameters needed, including 
those required for calculating the cost U from Equation (31). 
The physical optimum parameters calculated in this way for 
a number of cases are shown in Table 3. 

It is apparent from Table 3 that very substantial advan- 
tages are to be derived by working under conditions where 


DW 328 . . 
> mio * moderately high (above 


>0.1). There is little point in increasing W, as this increases 
also the cell resistance (©) and hence the power cost. The 
main factor is the particle radius, which should be as small 
as pressure drop considerations permit. A moderate 
increase in the working temperature is also favourable, 
as this not only increases D, but also decreases the viscosity 
and hence the pressure drop. Increase of temperature is, of 
course,-limited by the effect of rising temperature on the 
stability of the membranes. The estimated cost figures do 
not include anything except power cost, replacement 
charges and capital charges. They do not include cost of 
pumping, building space and servicing and of storage 
space for water, if required. These will have to be added. 
However, with the small size of a 1000-gal./hr unit and 
with continuous running, these costs are bound to compare 
favourably with, e.g., mixed-bed deionisation, where man- 
power requirements for regular regeneration and testing 
of the performance considerably affect the cost of the 
water produced. 

It is also apparent from the last part of the table that 
there is very little difference in the cost of reducing the 
salt content by a factor of 100, and’ of going to complete 
deionisation. This is, in: fact, one of the main advantages 
of the packed cell over the normal de-salting cells. 

Translating the parameters of Table 3 into technical 
terms, one can visualise a typical cell for the complete 
deionisation of water with a salt content of N/100 
(850 ppm NaNO; or 580 ppm NaCl) at the rate of 1000 gal. 
per hr as follows. 


Width of the packed deionising com- 


the parameter bW = 


partments (w = 0.31 cm) 0.125 in. 
Width of the packed concentrate 
compartments can be smaller 

Particle size of exchangers (r~ 

0.01 cm 60-80 mesh 
Operating temperature (35°C) 90-100°F 
Number of parallel cells 100 

Total active cell area 225 ft? 
Internal length of cell (flow direction) 13.5 in. 
Internal depth of cell (across) 24 in. 
Length of cell pack (approx) 30 in. 

D.C. voltage across cell pack 230 V 
Current requirement 10A 
Current density 4.6 A per ft* 
Power requirement 2.3 kW 
Linear flow-rate 0.28 in. /sec. 


Pressure drop in bed 12 ft of water 


Though the calculations have been carried out for 1:1 
electrolytes only, the normal components of water hard- 
ness like calcium bicarbonate and sulphate may be 
expected to behave in a very similar manner. It would 
therefore appear that fully deionised water should be 
obtainable with a well-engineered electro deionisation unit 
of the packed-cell type at a cost which could compare 
favourably with that of discontinuous mixed-bed 
deionisation. 
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FLUIDISATION APPLIED TO THE HANDLING 
AND MIXING OF BULK SOLIDS 
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The advantages of fluidising are illustrated by examples 
of recent installations 


by F.E. D’ARCY-SMITH, Dipl.ing., A.M.1.Mech.E. 


HE advantages of the fluidisation of powders were 

probably first realised and exploited on a large scale 
by the cement industry rather more than 25 years ago for 
the handling of such materials as cement, pulverised coal 
and—in the case of dry process works—raw meal. Bulk 
transport road vehicles carrying cement are now a com- 
mon sight on public roads, and most of them transfer 
cement by means of fluidisation. Many other industries 
have found that products or raw materials can be handled 
by fluidisation as examples of recent installations show. 

One plant of this kind is for the reception of light soda 
ash, its storage and consumption in batches of 2 cwt at a 
time. The soda ash arrives in British Railways’ bottom- 
discharging covhops carrying about 17 tons each. Fig. 2 
shows a near-horizontal fluidised trough conveyor which 
collects the ash from any one of the four outlets and 
delivers through a surge hopper to a pressure-vessel pow- 
der pump which forces the fluidised material in batches 
through a pipeline by means of compressed air. Two-way 
valves in this pipeline allow the ash to be delivered to a 
silo for storage or to a service hopper with batch weighing 
equipment. About 30% of the almost horizontal floor of 
the silo is formed by aeration boxes, the permeable surface 
of which allows for the introduction of the air required for 
the fluidisation of the silo contents. The flow is controlled 
by a remotely-operated rubber-sleeve pinch valve. 

The time required for emptying a covhop and delivering 
the 17 tons of soda ash to the storage silo is about 1 hr and 
the power required for the compressed air amounts to about 
34 units per ton. The efficiency of the service hopper and 
the accuracy of the weigh-hopper, which is capable of dis- 
pensing 2-cwt batches every 30 sec., also depends on 
fluidisation. Fig. 2 shows the aeration pads fitted around the 
valve-controlled outlets of both hoppers. These pads cause 
the soda ash to behave like a liquid and permit the use of 
fully automatic air-operated and electrically-controlled 
valves; the electric impulses come from contacts on the 
weigh-scale. The equipment is vented to a suction type of 
dust-collecting filter which releases the air to the atmosphere. 

Another example (Fig. 3) is an installation for fuller’s 
earth. In this case the material arrives in British Railways’ 
cement wagons which discharge the powder in a fluidised 
state through pipelines by means of compressed air. This 
type of wagon is, in fact, the equivalent of the pressure- 
vessel powder pump referred to above, except that it can 
work on low air pressures only, and can therefore convey 
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only over short distances or at low delivery rates. 

The storage silo in this case has the conventional coni- 
cal bottom, but a few aeration pads are installed to deal 
with hold-up by arching or rat-holing. A pressure-vessel 
powder pump placed on a weigh-scale is situated below the 
outlet of the silo so that accurate quantities of fuller’s 
earth may be fed to the pump. These batch quantities are 
conveyed fluidised-wise to the various consumer points. 

Another installation uses fluidisation for the very large- 
scale handling of alumina powder. Alumina arrives from 
the port on a belt conveyor at rates of up to 300 tph, which 
delivers into a 12-ft diam. fluidised distribution tank from 
which fluidised trough conveyors lead to one or more of 
the large storage silos provided. Capacity-type level indica- 
tors allow the controlling operator to divert alumina to 
any desired point by means of switches on the mimic 
panel. These actuate valves by remote control. The silos, 
about 70 ft in diam. and 100 ft high, are discharged at con- 
trolled rates by means of fluidisation at any desired floor 
section. The outlet openings, 14 for each silo, are arranged 
through the walls of central tunnels which house further 
fluidised trough conveyors. The illustration (Fig. 4) of the 
second control panel shows how these conveyors lead to 
four separate pressure-vessel powder pumps which elevate 
and deliver the alumina to one particular silo which serves 
as a dispensing silo for consumption. This plant was built 
for seasonal storage of the powder and for continuous 
dispensing at the rate of about 40 tph. 

It will be appreciated that such plants may be installed 
for many different reasons and with quite different objects. 
For example, a plant conveying about 120 tph of ground 
anhydride over a horizontal distance of about 130 yd and 
rising about 60 ft has transformed a previously very dusty 
and dirty process into a completely clean operation. It has 
also replaced extensive and cumbersome mechanical con- 
veying equipment by three 4-in. diam. pipelines which 
occupy a minute fraction of the space originally required. 
The power requirement in this plant is of the order of one 
unit per ton of anhydride conveyed. 

There are many examples illustrating the advantages of 
fluidised handling. Thus an installation conveying silica 
powder at the rate of 10 tph over a pipeline distance of 
600 yd has cut maintenance costs from £15,000 a year to 
less than £2,000. 

In another case, covhops carrying 17 tons of soda ash 
each are emptied into a large-volume pressure-vessel 
powder pump below the railway track. This conveys the 
powder to storage silos. The whole operation is carried 
through so quickly that a new covhop can be shunted 
into position for emptying every 20 min. Six-inch diam. 
pipelines are used in this case, the soda ash being conveyed 
at the rate of 14 tpm. 

Not every powder can be handled by these or similar 
means. Success depends entirely on the fluidising charac- 
teristics of the material in question. It is possible, however, 
to establish the suitability of different powders by easily 
conducted small-scale tests. There are many industrial 
powders which cannot be so handled and there are some 
powders which can be fluidised only if mechanical stirrers 
are used to prevent the collapse of the fluidised state. Such 
stirring devices prohibit the application of some of the 
above features because of the additional equipment. 


Mixing by Fluidising 

These problems become more complex when the question 
of “mixing” by fluidisation is considered. For the purpose 
of what follows, it is perhaps desirable to define different 
states of fluidisation and to identify the stage of fluidisation 
at which “mixing” is normally possible. 

A static or fixed bed of powder may be changed to a 
fluidised bed by the introduction of air at a certain 
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Fig. 6. Particle movement in a fluidised bed of powder. 











MIXING TIME — 


Fig. 7. Length of mixing period in relation to initial 
and final variations. 





velocity. With increasing air velocities the fluidised bed 
will expand and will continue to expand to a definite 
maximum, beyond which the powder is dispersed and the 
bed is destroyed. 

“Mixing” by fluidisation is based on the phenomenon 
illustrated in Fig. 6. The air passing upward through the 
bed or column of powder tends to travel mainly in the 
core of the column and gradually causes circulation with 
a clearly-defined downward movement of particles on the 
wall of the container and a rising stream in the centre. 
This movement of the individual particles becomes dis- 
organised and irregular when the air velocity is high 
enough to cause “boiling”, but it is maintained as long as 
the fluidised state is not destroyed by channelling Labora- 
tory experiments in a glass cylinder have shown that the in- 
crease in downward velocity of the particles along the wall 
is roughly proportional to the air velocity within the 
limits of the expanded fluidised column, whether “boiling” 
or not. “Boiling” is caused by the formation of air bubbles 
within the mass of powder. These bubbles rise to the top 
and in so doing also lead to “slugging” of the powder. 

The nature of this particle movement has long been 
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known, and observation of fluidised “boiling” has led to 
the very generalised statement that “intimate mixing” takes 
place. When considering the problem of mixing in large- 
scale installations by fluidisation, it is necessary, however, 
to define what is meant by mixing and to examine such 
other factors which make or mar the process. 


Segregation in Fluid Beds 

One of the more important problems is that of segrega- 
tion, whether by particle size or by particle weight. This 
is best illustrated by the grain distribution in a column of 
powder after fluidisation at different air velocities over 
different periods. 

In the experiments described the fixed bed was made up 
of a powder, 40% of which consisted of particles of 150- 
300 micron and 60% of 300-400 micron. Samples were 
taken after definite periods of fluidisation and the percen- 
tage of particles of 150-300 micron was determined at 
the top, in the middle and at the bottom of the bed. 

Table 1 shows the percentage of “fines” (150-300 micron) 
in the top, middle and bottom layers in relation to air 
velocities and to fluidising time at these velocities. Segrega- 
tion takes place even with very low air velocities and 
during relatively short periods of fluidisation. It is true 
that segregation is less evident at the highest air velocity, 
but the results do not in any case show satisfactory mixing. 

It must be admitted that the particle sizes for this series 
of experiments were especially chosen with the object of 
demonstrating the segregation effect. The finer fraction 
when fluidised by itself is, in fact, fully expanded at an 
air velocity at which a similar bed of the coarser particles 
would not even start to expand. The maximum volume 
increase possible without dispersal is, of course, greater 
with the coarse than with the fine powder. 

It is not claimed that the figures in Table 1 are 
scientifically accurate; the experiments were carried out 
merely to demonstrate segregation by means available for 
other purposes. They do show, however, the need for 
caution when considering mixing by fluidisation. It is 
fortunate that a good many industrial powders consist 
of particles which do not segregate at fluidising air 
velocities. Such powders can be “mixed” by fluidisation. 

It is equally important here to define what we mean by 
mixing. There does not appear to be any agreed theory 
as regards the fundamentals of mixing and most mixers 
are designed and dimensioned on the basis of experience. 
On the other hand, one can establish whether mixing is 
complete and—possibly a less severe alternative—whether 
it is satisfactory. 


Techniques of Fluidised Mixing 

Mixing by fluidisation is usually carried out in a cylindri- 
cal silo, the floor of which is permeable to allow the intro- 
duction of air. Early blending or mixing silos of this type 
provided uniform distribution of air over the floor area 
and the particle movement of the kind illustrated in Fig. 6 
did achieve mixing. Since the whole of the floor in such a 
silo was supplied with air at the rate required to establish 
the mixing movement, mixing periods were long and the 
power consumption high. 

The provision of external lifter tubes which elevated 
powder from several different levels simultaneously to 
the top of the silo improved the mixing efficiency, but the 
power required was still great and this system is not used 
in modern plants. 

A great improvement was to divide the permeable floor 
of the mixing silo into quadrants, and to supply the air 
velocity required for active particle movement to one 
only of the quadrants, the other three being supplied with 
just sufficient air to allow interchange of powder at the 
base of the silo. 
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Another advance is the division of the fluor area into 
rings and sections of rings; each section is supplied with 
air at such rates that the different air velocities which 
cause different rates of expansion, and therefore different 
particle velocities, result in a spiral movement of the mass 
of powder. Superimposed upon this movement are the 
different upward velocities and the turbulence effect of 
air bubbles and slugs of powder. 

The particle movement established in such a mixing silo 
roughly corresponds to that set up by stirring of a liquid. 
Fig. 7 illustrates the interdependence of mixing time and 
initial degree of variation. The shape of the curves is 
affected by the amplitude and frequency of the differences 
in the material first supplied to a mixing silo. 

Mixing of powders by fluidisation is now being widely 
practised; for example in the cement industry— 
especially for the mixing of raw meal with particle sizes 
below 90 micron, but with very small quantities of “over- 
size” particles of perhaps up to 200-250 micron. Such 
powders can be mixed by fluidisation without segregation 
and the process is, in most cases, carried out in fully- 
aerated mixing or blending silos of 500 tons capacity or 
more. 

In the following we consider the mixing problem as 
it arises for raw meal in a dry process cement works. 
The object of the relevant part of cement manufacture is 
to produce a meal or powder which must satisfy certain 
particle size conditions and which should satisfy a number 
of conditions chemically. Ideally, both the particle size 
distribution and the chemical analysis should be constant, 
but certain tolerances are permissible. 

The raw material may consist of limestone, shale, 
anhydride, clay, slag or similar minerals. The stone is 
crushed and ground to a fine meal and it is assumed—for 
present purposes—that the production of a meal consisting 
of particles of suitable size does not present any problem. 

Except in very special cases the achievement of constant 
analysis calls for special effort because the analyses of the 
various raw material components in the quarries are not 
constant. Devices, such as weigh-feeders, while mitigating 
the problem, do not solve it. The results of chemical 
analysis indicate the corrections required by changes of 
component ratios. 

While other factors enter into the manufacture of 
cement, it is assumed here that only the CaO content of the 
meal is required to be accurate and constant within 
+0.2%. 

Normally in a cement works analyses are taken of meal 
delivered by a continuous sampling device installed at 
the delivery end of the grinding mill. Such samples may 
cover the output of the mill for hourly or half-hourly 
periods and the analyses of such samples are averages. 

Whether the analyses of the average samples will vary 
one with another, and to what extent they disclose actual 
maximum differences, depends upon the degree of uni- 
formity of raw material deposits, on the extent of pre- 
liminary selection in the quarries and on the result of 
possible correction in or from storage bunkers. In some 
cement works it is not practical to produce meal with 
CaO fluctuations of less than 8% (i.e., +4%). Conditions 
may be aggravated if the corrections made in the com- 
position of raw materials as a result of analyses can- 
not be made effective within a reasonable period of time. 
The problem can be appreciated from the fact that a 
modern works may consist of several plant units, each 
of which will call for 1600 tons or more of raw meal of 
the correct particle size and the required analysis within 
24 hr, and the designer of mixing plant may have to state 
how much power will be required to mix a given quantity 
of meal and how accurate the mixing process will be when 
fluidisation is applied. 
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The first fact which would have to be known is the effect 
of the raw material characteristics on the time required to 
produce a quantity of meal of the correct “average” 
analysis. If this time is established as say 8 hr, and if the 
quantity of meal required is 50tph, it would then be 
necessary to homogenise a quantity of 400 tons in one 
container, so as to obtain meal of correct and unifurm 
analysis. 

Results obtained in an actual case are illustrated in 
Fig. 8. Here 300 tons of meal were fed to a silo at a very 
low rate and about 50 “average” analyses were taken. 
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Fig. 8. Raw meal analyses in percentage difference 
for 30 ft of silo equivalent to 300 tons. 
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Fig. 9. Flow diagram of a mixing plant. 
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TABLE 1.—Segregation in a Fluidised Column of a Powder contain- 
ing 40% of Particles 150-300 micron and 60% of Particles 300-400 
micron at Different Air Velocities and Different Fluidising Periods 




















Air Fluidising Period % 150-300 
Velocity, in 

fpm 2 min. 5 min. 10 min. 
48.5 49 51 Top Layer 

3.84 40.6 40 39.3 Middle Layer 
35 34.6 33 Bottom Layer 

5 62 62.2 62.7 | Top Laver 

6.35 34.2 35 35.2 Middle Layer 
29.4 30 30.3 Bottom Layer 
44.8 45 46 Top Layer 

9.2 42.5 42 42.2 Middle Layer 
37.6 36 35.3 Bottom Layer 
44 44.5 45 Top Layer 

12.2 41.5 41.3 43 Middle Layer 
36 36 35 Bottom Layer 























The fixed bed or column had a depth of about 30 ft and 
the air introduced below the permeable floor was supplied 
at about 10 psi at those sections subjected to the highest 
air velocity. The maximum analysis differences amounted 
to —4.6% and +3.1%, 7.7% in all. A mixing period of 
24hr resulted in remaining differences being within the 
limits of +0.2% and —0.2%. The power required by the 
rotary compressor amounted to 0.3 kWh/t of mixed meal. 

In actual practice there are many cases where 8hr is 
insufficient or where, due to errors, the meal after mixing 
has the wrong analysis. It may be possible to use the meal 
by mixing with meal of another composition and analysis 
and it is usual, therefore, to provide storage silos, one or 
more of which might be used simultaneously for feeding 
a common conveyor leading to the next stage of manufac- 
ture. The accuracy of mixing obtainable by such means does 
not always satisfy manufacturing requirements. 

With plants which have to work with raw materials of 
very variable analyses a system of “doctoring” silos is 
often used. One of these “doctoring” silos will contain a 
meal which has .been expressly produced with an analysis 
high in CaO; the second will contain a meal of low CaO 
content. The quantities required from these silos are added 
to the mixing silo, either after an initial mixing period or 
—with reliable analyses of the original contents and the 
correction meal—before the mixing process. 

The following example is illustrative of the problems 
which may face the designer of a mixing plant 

Raw meal with a maximum CaO differential of +0.2% 
for a cement works producing 700 tons of cement per day 
is required. This requires about 1120 tons of meal and the 
grinding mill is to work for 22 hr per day on 6 days per 
week only. The mill will therefore require a 60 tph output. 

The difficult quarry conditions mean that average 
analyses, even when taken at half-hourly intervals, will 
not allow correct overall analysis within 8 hr. Since the 
desired capacity of a mixing silo should not exceed 
500 tons, two correction silos each of 100tons capacity 
should be provided for “high” and for “low” meal. 

Here the designer will first consider how many mixing 
silos will be needed to ensure capacity for the worst 
working conditions. A programme can be prepared which 
will indicate, for example, that the mill production of 
60 tph is fed to mixing silo 1 for a period of 8hr. The 
stream is then diverted to mixing silo 2 for a similar period. 

For the worst operating conditions, average analyses, 
from which the overall composition of the contents of 
silo 1 might be calculated, would not be available. The 
contents of the silo would therefore have to be mixed so 
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that samples may be taken for analysis. The programme 
shows 2hr for mixing and 1hr for the analysis, both 
periods being rather longer than may be necessary. 

The time for the addition of a calculated quantity of 
correction meal is shown and a further 2 hr are allowed for 
a second mixing period. The silo contents will now be 
mixed to an accuracy of +0.2% on a correct overall 
analysis. One hour is allowed for emptying the mixing 
silo into one or other of the storage silos. This very safe 
programme still leaves nearly 2hr free before a fresh 
charge of meal is due to be fed to the mixing silo. 

The programme therefore shows that two mixing silos 
of 500 tons capacity each will suffice. Other design con- 
siderations are referred to in the following description of 
a possible arrangement (Fig. 9). 

The grinding mill is to be equipped with a continuous 
sampling device which allows average analyses to be 
taken so that the first mixing period allowed for in the 
programme may be omitted. A pair of fluidised pressure- 
vessel powder pumps will automatically, and in rotation, 
convey the meal from the mill to either of the correction 
silos or to either of the mixing silos. The stream is directed 
by special remotely-controlled two-way valves. 

A counter mechanism, connected to the pumping system, 
allows a record to be kept of the number of batches of 
constant weight which have been conveyed to the mixing 
silo. The contents of this silo can therefore be determined 
accurately for total weight as well as average analysis. 

The smaller correction silos, which are also designed as 
mixing silos to allow homogenising and subsequent analysis 
of the contents, will be supported on load cells so that 
the desired quantities of correction meal may be accurately 
weighed arid transferred to the mixing silo by means of 
suitable fluidised trough conveyors, The mixing silo can 
now be fluidised with different air velocities causing the 
turbulent spiral movement of the mass of meal described 
earlier, and the experienced operator will be able to decide 
from the analyses differences whether the mixing period 
should be of longer or shorter duration. He will act accord- 
ing to the principles illustrated in Fig. 7. An analysis may 
then be made and, if correct, the contents of the 
mixing silo can be rapidly discharged to either one or 
several of the storage silos by fluidised trough conveyors. 

The storage silos are equipped with aeration pads to 
allow partial fluidisation for discharging. A common 
fluidised trough conveyor picks up meal from any one or 
several of the valve-controlled outlets of these silos and 
delivers it to a further set of fluidised pressure vessel 
pumps which transfer the meal to the next process stage: 
rotary kiln firing. 

The conveying and elevating of powders by fluidised 
pump over -relatively short distances may, however, be 
less economic than by the more conventional bucket eleva- 
tor. On the other hand, with fluidised pumping the pro- 
vision of extra two-way valves and additional lengths of 
pipeline for the purpose of cross-connection, by-passing 
or duplication of conveying possibilities allows a degree of 
flexibility which is most unlikely to be provided economic- 
ally by mechanical conveyors. 

The power requirements for the various stages of 
material handling can be accurately determined once a 
proper and practical layout is agreed and overall conveying 
distances are fixed. 

How much power may be required for mixing is difficult 
to estimate. In the case discussed, however, the power 
required for mixing by fluidisation may be of the order of 
0.2kWh per ton of meal or less. Exceptionally severe 
working conditions and very casual operating technique 
occurring together might cause the power requirement to 
rise to as much as 0.5 kWh per ton. 
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Fig. 1. Towers used in the Benfield process to wash 
out unwanted carbon dioxide and hydrogen sulphide 





BRITAIN’S FIRST LURGI GAS 


Fig. 2. Lurgi gasifiers in course of erection. 
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Complete gasification of coal at Westfield, Fife, will transform poor-quality 
coal into a high-grade refined fuel and may lead to future chemical production 


LTHOUGH Lurgi plants have been installed in several 

countries during the last two decades, each installation 
has had its own special characteristics. The new British 
plant in course of construction at Westfield, Fife, has a 
number of new features. 

The heart of the plant is the gasifier, a cylindrical 
welded-steel pressure vessel 28ft long, with an outside 
diameter of 9 ft 10 in., weighing 50 tons. It is designed and 
tested for an internal working pressure of about 25 atm. 
In operation, each unit will produce at least 74 million 
standard cu. ft of purified gas a day, using 240 tons of 
coal, 60 tons of oxygen and 220 tons of steam. Surrounding 
the inner case with the main fuel bed is a water jacket 
in which steam will be raised. 

Initially, three gasifiers will be installed at Westfield; 
two will work together on completion of the first stage of 
construction late in 1960 to produce 15 million cu. ft of gas 
a day with butane enrichment. Design of these German- 
built units had to be converted throughout to British 
standards. Subsequent gasifiers will be manufactured 
entirely in Britain. At a later stage, by introducing a CO- 
shift convertor and removing CO», it will be possible to 
increase the hydrogen content of the gas and boost its 
volume to 30 million cu. ft per day with only a small 
increase in capital. This shift reaction could be carried to 
the extent of yielding much higher proportions of hydrogen, 
which might be applied for chemical purposes. 

Oxygen is to be provided by the Tonnox system installed 
by British Oxygen Linde Ltd., and involves a liquid oxygen 
pump cycle at 426 psig using a centrifugal pump and 
compressing the oxygen in liquid form. It is linked with a 
550 tons liquid oxygen store representing 24 days of full 
production. The nitrogen produced by the plant will be 
used initially for purge and for pressure test; later it will 
be available for adjusting gas composition if needed. 

The Benfield plant for removing the CO, and most of 
the H:S will be used at this site for the first time in con- 
junction with the Lurgi process. Developed by the U.S. 
Bureau of Mines, it is used in the U.S.A. for natural gas 
and in Canada for synthesis gas. Air cooling using forced 
draught has been applied in the plant to condense the 
steam used for stripping out CO. and H.S from the wash 
liquor. These are the largest aluminium air-cooled heat 
exchangers in Great Britain—probably in the world. Un- 
usual for air cooling, they show an advantage both in 
capital and in running cost, because of both the cooler 
ambient temperature at the location and economies in 
material of construction to meet what would otherwise be 
severely corrosive conditions, for water cooling. 

The plant is being constructed for the Scottish Gas 
Board by Humphreys & Glasgow Ltd. as the main con- 
tractors, and is expected to yield gas some 15% cheaper 
than that produced by conventional processess. 
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THE THEORETICAL AND 
EXPERIMENTAL PERFORMANCE OF 
A ROTARY REGENERATOR 


A comparison of predicted and actual performance of interest to 
designers of regenerative heat-transfer equipment 


by T. D. PATTEN, Ph.D., A.M.1I.Mech.E. 


N the active core of the regenerator used for heat ex- 

change between two separate fluids, the solid material 
present acts as a heat store, but not necessarily as a 
barrier between the different fluids. In the subsequent cycle 
some of this heat is rejected to the cold fluid, and therefore 
within the solid element there is a cyclic unsteady-state tem- 
perature process. Net heat exchange in the regenerator 
occurs because any element of solid surface is in turn 
washed by both fluids. (In the recuperative type of heat 
exchanger the tube or wall material separates both fluids 
and conducts heat under steady-state conditions from one 
surface to the other.) 

It is not intended to describe here the many proposed 
types of regenerator. This information can be obtained 
from other sources.’ Similarly, no attempt will be made 
to catalogue the limitations, both theoretical and practical, 
of this heat-exchange system. Where its mechanical com- 
plexity can be accepted, its use can be justified if there is 
also a requirement for minimum weight. The weight of the 
associated ducting, sealing and drive equipment may, how- 
ever, be prohibitive for very small units. 

In this article are presented a brief theoretical introduc- 
tion to the regenerative heat exchanger and a review of 
some comprehensive experiments on rotary regenerators 
carried out at the National Gas Turbine Establish- 
ment. 3, 4,5 


Introduction to Regenerator Theory 
The heat-exchange medium of a regenerator may consist 
of a mass of metal or other heat-storage material which 





Dr. Patten was awarded the degree of Ph.D. in 1954 for 
research work on problems on unsteady-state heat transfer. He 
is at present a lecturer in mechanical engineering at Edinburgh 
University. 
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forms integral regular or irregular-shaped passages through 
which fluids can pass. In the rotary regenerator this mass, 
core or matrix, rotates about an axis so that each passage 
will for alternate periods be aligned with the inlets for 
the hot and cold fluids. For counter-current flow, these 
inlets are On opposite sides of the rotating matrix; Fig. 1 
shows this arrangement for this disc-type matrix. If these 
fluids are gases at different pressures an efficient sealing 
system must be provided. 

Theoretically, the matrix can be split up into elements 
comprising a thermal storage section of weight w and its 
associated fluid flow passage of perimeter s, by way of 
which heat is supplied and removed. In many cases this 
passage is of regular cross-section and Fig. 2 shows the 
appropriate theoretical model. The heat-transfer coefficient 
for convection between surface and fluid is assumed 
constant with respect to both time and position. In terms 
of the instantaneous local gas and matrix temperatures 
6 and +r, each assumed uniform at any cross-section normal 
to the gas flow, the heat transferred is 

dq = hs . dx (+ — 9) + cae 
For a fluid of specific thermal capacity c, and flow rate 
m Ib./sec. per channel, 


dq = mc,d0 ee 
06 hs 
“a? paw 


To simplify the problem, the thermal conductivity of 
the matrix material is considered zero, parallel to the 
direction of gas flow, and infinite at right angles to this 


“ dqa=—we = , = sci 


z represents time and c is the specific thermal capacity 
of the matrix material. 
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By eliminating dq/dx in Equations (1) and (4), we obtain 
ao: =—sLAs 
eae oi -- (5) 
Zz we 
When these equations are applied to the whole matrix, 
they must cater for the possibility that the number of 
elementary passages, at any instant undergoing the process 
being considered, either heating or cooling, may not be 
exactly half the total number of passages in the whole 
matrix. This is expressed by the partition ratio,? n, which 
is the ratio 
matrix frontal area available to one fluid stream 


total frontal area available to both streams 


(8—*) 





at any instant. Based on the whole matrix, having a 
total surface area F effective in heat transfer, in one 
direction and the other, Equations (3) and (5) become 

06 h 


1 
——_— ~ (r—6 bee 
ox Mey +7 © ) (6) 
and oP ae (7 
oz We’ °* 2 «AD 


respectively, where M is the total flow rate of the fluid 
stream being considered and W is the total weight of the 


matrix. In these equations are substituted — — ao nF , ni 
AF Mcp L 
andy — _z, where Eand » are the “reduced length” and 


We 


“reduced time” respectively. Equations (6) and (7) are 


now written : rel] 
= =t—6 .. (8) 
cS 
ot 

and _- = 6—Tt .. (9) 
cn 


The time taken by any element of fluid to flow from the 
inlet to a particular point x in the passage is neglected. 
Within the matrix unsteady conditions occur with + and @, 
both functions of z and x, ory and €. Atx=L,£=A= 
total reduced length, and when z = total duration of supply 


of one fluid = x n == the “reduced period”. 








h 
= — nF ...(10 
S Mcp ‘ ( 
hF 
=— = care Ge 
ane 2 We'N ay 
heat transferred between fluid and matrix 
—_ ih in unit time for unit temperature difference . 
lone ' ‘heat required in unit time to raise fluid 
temperature by one degree 
heat transferred between fluid and matrix 
in one blow period for unit temperature 
Reduced difference 
period «= heat required to raise matrix temperature 
by one degree 


In the subsequent period with a different fluid—heat 
transfer takes place in the reverse direction—some of 
the constants may change in value and therefore two more 
equations of the form of (8) and (9) are required. The 
matrix temperature distribution at the end of one period 
exists also at the beginning of the succeeding period. After 
a number of cycles, the regenerator reaches a quasi- 
equilibrium condition in which the matrix temperature 
at the end of a cooling period is the same as that at the 
beginning of the previous heating period. The terms 
“heating” and “cooling” are here applied to the change of 
fluid conditions and not to the matrix. These periods are 
distinguished by parameters having suffices A and c 
respectively. 

The boundary conditions for counterflow operation 
are: 

(1) the reversal conditions, 

matrix position, 
t (Ne = 0) = t (xp) and t (yp = 0) = tT (7%) .... (12a and b); 

(2) the quasi-equilibrium conditions, 

7 (0, Ec) = t (%p + %e, Se) and t (0, En) = t (7% + 7, En) 
....-(13 aand b); 


iec., for any particular 


(3) the fluid inlet conditions, 
6 = 0, when &, = 0, and0 =< yp, < 7; and 








Fig. 4. Cross-section of regenerator used in the trials. 


The swirler at the gas outlet is not shown. 


Fig. 3. Effect of length on the thermal ratio of a 
balanced regenerator. 
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Fig. 5. Cross-section of flame-trap-type matrix. 
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BLOW PERIOD 


Fig. 6. Inlet and outlet temperature traverses obtained 
during a trial run with regenerator. 














Main Seal 


Fig. 9. Position of seal on disc matrix. 
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Fig. 8. Cross-section through Mark 3 rotor. 
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Fig. 7. Nusselt numbers corresponding to experi- 
mentally-determined thermal ratios. 














6 = 1, when & = 0, and 0 < ve < te. 
Neglecting losses, the heat given up during one period by 
one fluid is equal to that gained by the other fluid in the 
succeeding period. 

HAUSEN’* obtained an analytical solution for the above 
equations, (8) to (13), based on the previous assumptions 
and the additional assumption of 7, and A, = Ay. On 
the lines of an approximate method developed by HausEN,’ 
Joxunson* calculated values of thermal ratio for a balanced 
regenerator (x,.=m and A,=A,). Fig. 3 presents in 
graphical form the results of JOHNSON’s calculations. As 
for a recuperator, the thermal ratio E is the ratio of the net 
quantity of heat transferred to the theoretical maximum 
heat transfer associated with the difference in inlet tem- 
perature of the two fluids. In the limiting case (* = 0), 
for a balanced regenerator, 


A 
Eo 


A+2 

(The thermal ratio for a counterflow recuperator, in 
which both fluids have the same value of Mcp, can also be 
expressed in the form of Equation (14).) 

In Fig. 3 the values of thermal ratio for ~*s0 show 
clearly the advantages of high values of A and the decrease 
in influence of x with increase of A. In a balanced regenera- 
tor, ne = m = 4, 


-++- (14) 


Sn 
A= 3 sos 
AF 1 
and "= We IN onset 


By means of a correction included in Reference 1, the 
thermal ratio of an unbalanced regenerator can also be 
estimated from Fig. 3. The results of Fig. 3 are based 
on the assumption of no heat conduction along the matrix 
parallel to the direction of fluid motion. Such conduction 
in an actual regenerator will affect performance adversely 
and this must be allowed for in analysing experimental 
results. 


Experimental Performance 

In view of the shortage of information on actual 
regenerator performance, and on the basis of the theory 
already presented, Cox- and others carried out a series 
of regenerator experiments. Primary objects of these were 
the determination of heat-transfer coefficients, the magni- 
tude of leakage past regenerator seals and the degree of 
fouling to be expected under operating conditions. The 
results of these experiments as reported** 5 will be sum- 
marised. 

The experimental heat-transfer coefficients for suitable 
matrix arrangements can be determined from single-blow 
tests. This method does not, however, completely simulate 
the temperature distributions experienced in the regenera- 
tor matrix. A complete regenerator was therefore built and 
is shown in section in Fig. 4. 

A single rotor is mounted transverse to the ducting of 
both hot and cold gas streams. These gases are constrained 
to flow through separate sectors of the matrix by a system 
of seals. These seals are spring-loaded interlocking cast- 
iron blocks, arranged diametrally on each side of the 
matrix and also axially and circumferentially on the rotor 
outer casing. 

The matrix consists of alternate strips of corrugated 
and plain metal, wound circumferentially around a central 
hub. The resulting flame-trap type of matrix cross-section 
is shown in Fig. 5. 

Hot gas is generated in a gas-turbine-type combustion 
chamber; cold air at a similar flow rate is provided by a 
separate circuit. The rotor itself can be driven at from 
3 to 40 rpm by a variable-speed electric motor. Provision 
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is made for recording fluid temperatures, traversing thermo- 
couples being used at both outlet ducts. 


Thermal Performance 

Cox and Lams’ describe the thermal performance of the 
N.G.T.E. No. 2 regenerator with a 15-in. 0.d. rotor and 
discs of various matrix dimensions—five of stainless steel, 
one of aluminium. In this series of tests, the air and gas 
inlet temperatures were about 40 and 300°C respectively. 
The fluids were supplied to the regenerator at approxi- 
mately the same pressure, so that the performance is not 
affected by the efficiency of the seal arrangement. Maxi- 
mum flow rate in each circuit is 1.5 lb./sec. Pressures and 
flows in each circuit can be held under close control, and 
for all thermal tests both of these were maintained as 
nearly equal as possible. 

Values of temperature, flow rate and pressure were 
recorded with the regenerator in operation once steady 
working conditions had been reached. Two rates of disc 
rotation were applied at each flow rate. In this way experi- 
mental results were obtained for various combinations of 
mand A with 2<A<25. Fig. 6 is derived from a typical 
temperature record. As the mass flows of both fluids are 
equal, the experimental thermal ratio E is the ratio 


mean air side temp. rise + mean gas side temp. rise 
2 (gas inlet temp. — air inlet temp.) 


This value is corrected in turn for finite period time 
(reduced period>0), and longitudinal conduction in the 
matrix, in order to obtain an equivalent thermal ratio, 
E., for zero gas reduced period and zero longitudinal con- 
duction. The experimental heat-transfer coefficient A and 
its non-dimensional counterpart, the Nusselt number Nu, 
is evaluated by combining Equations (14) and (15) and 
substituting E.. (Nu is assumed constant and equal for 
both heating and cooling periods.) Fig. 7 shows the Nu 
values as obtained by Cox and Lams for three of the 
stainless-steel discs, and plotted to a base of Reynolds 
number. While discs A and B have similar matrix cross- 
sectional dimensions, the passage length for A is + ft, 
and for B }4ft. Discs C and A are similar in passage 
length but not in cross-section. Some of the leading 
dimensions are given in Table 1. 

Because of the tendency of these values to rise more 
passage length 
equivalent dia. 


for Nusselt number of the form Nu = a+ b aa has been 





steeply, the smaller is the ratio , a relation 


assumed, where a and b are both constants. 

In the case of a passage of equilateral triangular cross- 
section, having walls maintained at a uniform temperature 
gradient and where the fluid flow is laminar, SmiTH’ has 
stated that, based on the fluid mixed mean temperature, 
under steady-state conditions, the value of the local Nusselt 
number at any cross-section is 3.07, and therefore the 
theoretical overall value of Nu is also 3.07. Under 
operating conditions, the experimental matrix approxi- 
mates to the above, except that the velocity profile is not 
fully established at the entry to the passage. In experiments 
with circular cross-section passages in unsteady flow, and 
using a simplified approach, PaTreN” has confirmed that 


a corrective term proportional to ia allows for the 
difference in entry conditions. 

The results of Fig. 7 are below the theoretical value 
of 3.07 in the majority of cases, as also are some single- 
blow test results by JOHNSON using similar matrix cross- 
sections. A considerable improvement in the correlation 
of the heat-transfer results is claimed by Cox and LAMB 
if the heat conduction parameter is increased by 30%. 
All the results are then evenly disposed about the line 





661 











Nu = 2.4 + 0.12 — as Ld 
Pressure Drop Measurements 
Before installation the pressure drop characteristics of 
the different rotors were determined with various cold 
air flow rates. Allowing for the establishment of velocity 
profile and the entry and exit conditions of the passage, 
the constant ¢ of the viscous pressure drop equation 
2 
wpa giet 
Re°2° g ‘d 
was experimentally determined and the mean value for the 
stainless-steel discs was 44 when extrapolated to Re = 0. 
Corresponding tests with heated air and a rotating matrix 
could be correlated with the static tests when the viscous 
pressure drop was evaluated from fluid properties based 
on a temperature 0.6 of the way between the wall tem- 
perature and the bulk temperature of the stream. 
The experimental value of 44 for ¢ is to be compared 
with a theoretical value of 53.3 for a triangular passage 
in laminar flow. The results for heat transfer and pressure 


ssn 


, . , Nu , 
drop are consistent in so far as the ratio of —— for experi- 
? 


ment and theory are respectively 0.054 and 0.058: 

Together the heat-transfer and pressure-drop tests supply 
some design data on the characteristics of flame-trap-type 
material suitable for use in a rotary regenerator. In both 
cases the experimental values are less than the theoretical 
ones by about 20%. The theoretical values quoted apply 
to an equilateral triangular passage, whereas the flame- 
trap-type material is more nearly a right-angle isosceles 
triangle in cross-section. 


Fouling Tests 

A fundamental advantage of the regenerator-type heat 
exchanger rests on its ability to use very small cross- 
sectional area flow passages. It is essential that fouling of 
these small passages should be a slow process if not 
negligible. The N.G.T.E. tests are concerned with the 
application of the regenerator to a gas turbine and thus 
fouling, if any, will be dependent on the combustion gases. 
In the early tests, kerosene was the fuel used and although 
soot was deposited in the matrix passages, mainly at the 
cold end, it was found to be quite soft." This soot could 
be readily removed by traversing a small soot-blower, 
fed with compressed air, across the rotor face on the hot 
gas inlet side. 

Because of the importance of fouling, a special series 
of fouling tests was completed using regenerator No. 2 
fitted with a stainless-steel matrix having triangular cross- 
section passages 3 in. long with a crimp height of 0.027 in. 
and crimp thickness of 0.0025 in. Lams‘ describes these 
tests in which only the heavy fuel, Admiralty reference 
“Mothball”, was used. Some of the properties of this fuel 
are included in Table 2. The fuel was burned in a vortex 
chamber supplied with preheated air. Five sets of tests, 
each of 50 hr overall duration, were completed. In all of 
these tests the rotor speed was 9rpm, the gas inlet tem- 
perature to the regenerator was maintained at 450°C and 
the pressures of both fluids were approximately equal. 
The tests and their results are summarised in Table 4. 

From the tabulated results it is seen that both soot- 
blower operation and air inlet temperature level influence 
the degree of fouling. At air inlet temperatures of 150 to 
200°C the scale type of deposit associated with low inlet 
temperatures did not form. At these higher inlet tempera- 
tures the soot-blower was effective in preventing the 
accumulation of loose soot, as indicated by Tests 4a and 
5a. The optimum frequency of operation of the soot-blower 
will vary for each application and each alteration in cycle 
conditions. 
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No significant corrosion was evident after 250hr of 
testing and no specific corrosion investigation was made. 


Sealing Tests 

The greatest remaining obstacle in the successful applica- 
tion of the rotary regenerator to the gas turbine is the 
maintenance of effective sealing between the high- and 
low-pressure gas streams in and around the matrix disc. 
In applications where this pressure difference does not 
exist, this problem also disappears; there will, however, 
always be some slight mixing of the separate streams due 
to the volume of fluid contained in the matrix passage as 
it passes from one stream to the other. (This can be 
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Fig. 10. Principle of the N.G.T.E. non-touching seal. 

In this seal the outlet leak is fixed, and the area of the 

other leak is determined by the clearance between seal 

and rotor faces. Thus the pressure in the reservoir and 
the restoring force vary with the clearance. 


TABLE 1—Leading Dimensions of Some Discs used in Heat- 

















transfer Tests* 
Disc A B Cc 
Passage length, (ft) ots t t 
Crimp height (in.)} 0.029 0.027 0.01875 
—- diameter (ft)} 2.0 10-*| 1.865 10-*| 1.295 10-* 
ngt > 
“ater (ratio) 31.2 134 48.4 











TABLE 2—Admiralty Reference Fuel Oil ‘‘Mothball’’ 





% Carbon 85.68 
% Hydrogen 10.97 
% Sulphur 2.48 

Ash 0.08 


17,415 Btu/Ib. 
1720 sec. at 70°F 


V/A 
Lower Calorific Value 
Viscosity Redwood No. 1 

















TABLE 3—Combustion Efficiency Measurements‘ on Vortex 
Exhaust Gases 
Air ots ratio by gas 
76.6 
nS Combustion Loss 
Hydrogen 0.49 
Carbon monoxide 0.8% 
Carbon 1.1% Combustion efficiency 
== 95.5% 
Unburnt fuel 2.2% 
Sulphur oxides (as sulphur) > gm./l of gas at 


% of sulphur present as 
so, 8.5% 
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were fitted. This regenerator was designed for air and 
hot gas flows each up to 41b./sec.; the rotor diameter 
is 33in. overall. All of the rotors tested were built up, 
using the original method of winding two continuous 
strips of stainless steel, one corrugated, one plain, on the 
central hub. Because of the overall size, the winding was 
reinforced at either one or two intermediate positions by 
shrinking on supporting rings. Fig. 8 shows the cross- 
section through the final rotor, mark III. 


neglected in the Howden-Ljungstrém air preheater applied 
to a steam generator.) 

In the built-up, flame-trap type of matrix there is little 
leakage between adjacent matrix flow passages. With a 
gauze-type filling in the rotor, radial divisions would be 
required to prevent leakage across the matrix. 

In the previous experiments only one design of rotor 
was used, whereas, for this series, Cox and STEVENs® 
describe No. 3 regenerator in which three different rotors 


Table 4—Summary of Fouling Tests* 

























































































Test Ref. No. Vortex Combustion Air Side Inlet Matrix Surface Deposit or Condition Remarks 
(Duration) Temperature Temperature (Cleaning Process) 
(Gas Inlet Temp.) Pressure Drop 
*Cc Increase 
1 850 50°C Large quantities powdered soot. (Removed by air blast.) | Vortex busti hamb 
(50 hr continuous) (450) 86% increase in Thin, hard black scale. (Removed by scraping where temperature too low. Bad 
50 hr possible unaffected by organic solvents and petrol.) coking of chamber and 
uccessfully cleaned by several hours’ immersion in smoky exhaust. 
boiling caustic soda. No corrosion. 
1050 50°C Considerable quantities powdered soot. (Removed by | Traversing air-blast soot-blower 
(50 hr in intermittent (450) 41% increase in air blast after shut down.) Cleaner than after Test 1. fitted and in use. Combustion 
periods, i.e., approx. 8 50 hr (Caustic soda removed remaining film.) No —— eats analysis in 
hr each) visible, but slight decrease in pressure drop Table 4. 
cleaning. 
3 1050 50°C No powdered soot. (Cleaning method—1i5 min. in | Modified soot-blower with 
(48 hr in intermittent (450) 45 % increasee boiling 4% HCL. Analysis of resulting solution greater throughput continu- 
periods) in 48 hr showed 13% Cr, 11.5% Ni, 5.75% vanadium and ously operated. Soot-blower 
% Fe.) No corrosion. did not a prevent 
fouling. 
4a 1050 150-—200°C Clean. Soot-blower operating con- 
(25 hr intermittent) (450) No increase tinuously. 
4b 1050 50°C Sooty. (Cleaned in boiling caustic soda.) Same conditions as for Test 
(25 hr intermittent) (450) 15% increase No. 3. 
in 25 hr 
Sa 1050 190—200°C. Clean. Continuous soot blowing. Con- 
(28 hr intermittent) (450) No increase ditions as for Test No. 4a. 
5b 1050 190—200°C Sooty. (Cleaned first in boiling caustic soda and after | Intermittent soot blowing for 
(22 hr intermittent) (450) 8% increase in 4% HCL solution.) 30-min. periods every 5 hr. 
in 22 hr Traces of corrosion due possibly to acid bath. 
Table 5—Summary of Sealing Tests 
No. 3 Rotor Mark No. Main Seal Details Hub Seal Details Interim Modifications Performance 
Regenerator and Design 
Series 
Build I Mark I Six interlocking C.1. blocks | Cylindrical section, spring- | Because of excessive stiff- | Cold leakage rate of 0.07 
One intermediate per face. Each 3 in. deep loaded. Piston-ring-type ness On rotation, a bellows Ib. per sec. per ft of seal 
support ring. across face. Rear of seals on shaft. arrangement was fitted with 40 psi pressure 
blocks pressurised. to modify pressure be- difference. After further 
hind seal, thereby re- 30 hr of running with 
ducing force between seal inlet temperature of 
and rotor face. to 400°C and inlet 
pressure 15 to 20 psi, 
matrix surface was badly 
worn. 
Build I Mark II Joint of seal shoes bear on | Improved. With new rotor, cold leak- 
Two intermediate support rings. Seal shoes age rate of 0.05 Ib. per 
support rings. chrome plated to prevent sec. ft of seal initially. 
rusting. Leakage rate increased 
considerably after several 
hours’ running at 400°C 
inlet gas temperature and 
14 psi pressure difference. 
Build Ll Mark II, as above. Seals more accessible. C.I. | Piston-ring-type shaft seal. Initial cold leakage rate 
Matrix faces ground. seal shoes with plain ends less than 0.05 Ib. per sec. 
and chrome layer on of seal. 
front face. Rotor could not be rotated 
Bellows system for pressure with 45 psi inlet pressure. 
alance. Tests on a static seal 
arrangement con! 
unsuitability of dry rub- 
bing seal. 
Build III Mark Il Mild-steel shoes, phosphate- ” Crescent-shaped hubs seals Inner shoe arrangement Cold leakage rate of 0.04 
Matrix faces re- treated and coated with with piston-ring-t'ype slightly modified. 5 Ib. per sec. ft at 40 psi 
ground to remove molybdenum sulphide. shaft seal. Coating of soft material pressure difference before 
score marks. In this and all subsequent Syndanio” on some and after 35 hr of running. 
Support rings treated tests, a non-touching seal main seal shoes to allow 
with phosphate system was seal wear on contact with 
and coated with | The principle on which this matrix. 
molybdenum di- is is described in 
sulphide. Fig. 10. 
Build III Mark III Soft faces on all seal shoes. | As in previous arrangement. | Main seal design modified rg 2 hr hot running 
Two intermediate to prevent tendency to to 400°C cold 
support rings, bind through tilting. icakage rate was “er 
bearing faces of Ib. per sec. of 
which are stellite- seal at 45 psi pressure 
—_—_ og ~ a 
oe ww freely at all inlet pressures. 
angle to the rotor 
plane. 
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Fig. 9 indicates the position of the necessary seals, i.e., 

(1) radial seals on each rotor face—main seals; 

(2) hub seals; 

(3) circumferential seal on rotor outer rim—trim seals; 
and 

(4) axial seals at two positions on rotor rim. 


Leakage past any of these seals will react on the regenera- 
tor efficiency. The aim of the N.G.T.E. investigators was 
to develop a complete sealing system with a leakage rate 
not exceeding 0.05 lb. of air/sec. per ft of sealing length. 
On a single disc regenerator passing 15 lb. of air per sec., 
this represents a leakage rate of about 3% at a pressure 
ratio of 4:1 across the seals. 

In the experimental arrangement, air could be supplied 
at pressures up to 45 Ib./sq.in. at the air inlet and hot 
combustion gases at atmospheric pressure at the gas inlet. 
For actual hot operation an apparent leakage was deter- 
mined by comparing the recorded flow rates into and out 
of the regenerator. A cold leakage rate was determined 
by closing the gas inlet and air outlet branches and 
measuring the flow rate at the gas outlet pipe for a speci- 
fied air inlet pressure. Hot leakage rates generally exceeded 
the corresponding cold leakage rates by about 30% and 
the seals are rated on the latter value. 

The main characteristics of the various test arrange- 
ments and the results as described’ have been rearranged 
and are presented here in Table 5. In all cases the rim 
seals were assembled from spring-loaded segments. 

The rigidity of the built-up rotor, in which successive 
layers are not materially bonded, isan important factor in the 
use of these rotors. Towards the end of their experimental 
lifetime, some loosening was noticed in the earlier designs 
and some slight leakage may have taken place within the 
matrix. In all cases a small amount of relative axial 
deformation of the matrix material was evident and, 
although very small, the resultant distortion of the rotor 
sealing face must have increased the leakage. 

In its final arrangement the leakage rate of the regenera- 





tor was within the specified limit of 0.05 Ib. per sec. of air 
per ft length of seal at a pressure difference of 45 lb./sq. in. 
The principal feature of the successful system was the 
servo-operated non-touching seal shoe. 


Conclusion 

Some of the major problems in the successful develop- 
ment of a rotary regenerative heat exchanger have been 
the subject of experiments at the National Gas Turbine 
Establishment. These are the determination of heat-transfer 
performance, an assessment of the difficulties "caused by 
fouling, and the development of a sealing system. In 
each case the investigations were satisfactory within the 
limits specified. 

Although the application for which this comprehensive 
series of tests was designed is the compact heat exchanger 
for gas turbines, the resulting information can be useful 
to all with an interest in the light-weight rotary regenerator. 
Some of the results of these experiments* ** have been 
collected together here so that these important data may 
be more readily available. 
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Symbols Used 
A = cross-séctional area of flow passage normal to 
flow direction, sq. ft; 
c = specific thermal capacity of matrix material, 
Btu/Ib. °F 
Cp = specific thermal capacity of fluid at constant 
pressure, Btu/Ib. °F 
d = equivalent diameter of flow passage 
(4-5) 8 
E = thermal ratio of regenerator; 
F = total surface area of matrix, effective for heat 
transfer, sq. ft; 
g = acceleration due to gravity, ft/sec.’; 
h = heat-transfer coefficient, Btu/sq. ft °F, sec.; 
k = thermal conductivity of fluid, Btu/ft °F, sec.; 
km = thermal conductivity of matrix material, Btu/ 
ft °F, sec.; 
L = length of matrix flow passage, ft; 
M = total flow rate of one fluid, Ib./sec.; 
m = rate of fluid flow per passage, Ib./sec.; 
N = matrix rotational speed, rev./sec.; 
n = partition ratio = 
frontal area for one fluid 
total frontal area for both fluids 
(me = 1 — mn); 
Ap = pressure drop, Ib./sq. ft; 
q = quantity of heat, Btu; 
§ = perimeter of one matrix flow passage, ft; 
v = mean velocity of fluid, ft/sec.; 
W = weight of whole matrix, Ib.; 
w = weight of matrix element associated with one 
flow passage, Ib.; 





distance along fluid path from point of entry 
to matrix, ft; 

time elapsed from beginning of period, sec.; 
instantaneous fluid temperature (@ = (x, z) = 
£,1)), °F; 

instantaneous matrix temperature (+ = r(x, z) 
= r(f,0)), °F; 

viscosity, lb./ft sec.; 

density, lb./cu. ft; and 

pressure drop coefficient. 


Subscripts 
c = cooling of fluid; 
h = heating of fluid; and 
0 = zero reduced period or infinitely short blow 
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Dimensionless Numbers and Parameters 
Nu = Nusselt number (Nu= 7 hd . 
evd 
Re = Reynolds number { Re = te $ 
€ = reduced length ( E= nF = T *); 
A = total reduced length = Me, 4 nF ); 
, hF , 
n = reduced time (a- We a and 
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THE USE OF RADIOACTIVE 
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Fig. 1. Typical pipeline cleaning pig. (Courtesy General 
Descaling Co. Ltd.) 


MARKERS 


IN PIPELINE SCRAPERS 





A , 
Fig. 2. Inserting core containing radioactive marker 
»-devil already in position in pipe. (Courtes) 


u am Press & Sons Ltd.) 





William 


Fig. 3. Welding bull plug to line. (Courtesy 
Press & Sons Ltd.) 
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Locating a jammed scraper in a pipeline 
using a cobalt-60 source 


by ANNE M. BALL, B.Sc., J. C. DAGLISH and 
S. JEFFERSON, B.Sc., A.C.G.I. 


IPELINE scrapers, otherwise known as go-devils or 

pigs, are equipments used by the oil, gas, water, chemi- 
cal and other industries to clear out or scour pipelines. 
These equipments may consist of heavy rubber washers 
mounted on a central shaft, the diameter of the rubbers 
being such that a good tight fit is obtained in the pipe, or 
alternatively they may be built up of wire brushes or spring- 
mounted scraper vanes (see Fig. 1). Go-devils, as all such 
equipment will be described in this article, are used on 
newly-laid mains to test that the line is free from any 
obstruction, such as weld icicles, debris, etc., and also in 
some instances on a routine testing basis to ensure clear 
pipes. They are pushed through the line by means of com- 
pressed air or water pressure. It is not an uncommon 
occurrence for them to become jammed against an obstruc- 
tion. The problem is then to locate the go-devil from the 
outside of the pipe, or in the case of buried lines from 
above the ground, so that the line can be cut at precisely 
the right point. The passage of the go-devil through the 
valve pits can be followed by listening for its unmistak- 
able noise as it passes, and if the go-devil becomes stuck 
one can sometimes hear the water as it leaks past the 
distorted rubbers. However, these methods are not always 
reliable and the resulting waste of labour, time and material 
may be appreciable. It is therefore of great assistance if 
go-devils can be labelled in such a way that they can be 
easily located from above the ground, and this is why a 
radioactive marker is now often incorporated in these 
equipments before use. Their position can then be found 
by the use of portable detectors of radioactivity. 

In a simple form the radioactive marker consists of a 
sealed Co™ source attached to the central shaft of the scraper. 
Although the gamma rays emitted by this isotope are very 
penetrating, a source of 100 mC. is required for easy detec- 
tion through 3 ft 6in. of medium-density earth. A source 
of this size needs careful handling: loading of the go-devil 
and digging operations needed to remove it must be carefully 
conducted to avoid over-exposure of personnel to radiation. 
However, an equipment has been produced, and is described 
below, in which the source is mounted in a lead container 
from which it is only ejected when under pressure. Thus, 
while loading and digging operations are in progress, the 
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source is screened, but it is exposed for detection through 
the soil when pressure is applied in the pipeline. 


Operational Procedure 

The Co® marker source in the form of a cylinder is 
enclosed in a small Birmabright aluminium alloy capsule 
with a tag to facilitate handling. This capsule can be either 
attached to the central spindle of the go-devil, or loaded 
into the specially designed core with lead screening in the 
pressure-operated type. In either case this operation must 
only be carried out by personnel trained in handling radio- 
active material. The capsule is never touched by hand, but 
is manipulated by remote-handling tongs. 

One advantage of the pressure-operated equipment is 
that part of the radioactive handling can be carried out 
behind a protective wall. The core is then transported to 
the site in a specially designed lead-lined box and is quickly 
inserted into the go-devil, which is already in position in 
the pipe ready for use (see Fig. 2). After bolting or welding 
an end on the line (see Fig. 3) to enable pressure to be 
introduced behind the go-devil, the pipe is ready for test. 
However, in the simple form of equipment, since there is 
no permanent shielding, very great care has to be exercised 
in handling the go-devil once the isotope is inserted. A 
large lead box to enclose the entire go-devil is required if 
the equipment has to be transported with source attached, 
and great care and speed must be used in inserting the equip- 
ment into the pipe and also in welding on the end cap. 
The relative strength of the radioactive sources which can 
safely be used in the two types of equipment, due to handling 
difficulties, is discussed in a later paragraph. 

The line is now ready for test and the normal pumping 
arrangements necessary to push the scraper through the 
line are initiated. The go-devil can either be followed with 
meters recording radioactivity throughout its passage down 
the line, or, alternatively, a system of check points can be 
arranged. In the latter case, should the go-devil not arrive 
at any of these points, the line can be walked from where 
it was last known to have passed, until it is located. 

If the marked go-devil has become stuck, pressure may 
build up behind it and in the pressure-operated equipment 
the active source is kept out of its lead screening by this 
pressure, If the stoppage results from failure of the rubber 
washers, pressure in the pipe can be raised by closing the 
outlet. After the exact position has been noted the pumps 
can be stopped and pressure reduced so that the source 
returns to its lead housing. Operators can then dig down to 
the line and cut out and remove the go-devil, which should 
then be further shielded. However, if the source is attached 
simply to the central core it is unsafe to allow operators to 
dig down to the unscreened source and digging operations 
should then take place some distance away so that the earth 
affords some screening from the source to the men. The 
line is then cut and the go-devil dragged out and screened 
in lead as quickly as possible. 


Health Precautions 

It has already been noted that care must be exercised 
in the handling of radioactive sources of the strength used 
for go-devil operations. The Ministry of Labour and 
National Service in their draft Factories (Ionising Radia- 
tion) Special Regulations have adopted the following maxi- 
mum permissible level of doses for gamma radiatién: 
However, the weekly dose may be exceeded if the total 
radiation received in a thirteen-week period ending with the 
week under review does not exceed ten times the weekly 
dose shown above. 

Operations are always carried out to ensure that per- 
sonnel do not receive radiation in excess of the levels 
indicated above. A pocket ionisation chamber is always 
carried by a person employed near the loaded go-devil 
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For persons For persons not 
occupationally occupationally 
exposed exposed 

Exposure of whole (i) The maximum The maximum 
body to gamma- weekly dose weekly dose shall 
radiation shall not exceed not be more than 

0.3 rads. 0.03 rads. 
(ii) No person shall 

receive more 

than 50 rads in 

any decade. 

Gamma-ray ex- (i) The maximum (i) The maximum 
posure restricted weekly dose at weekly dose at 
mainly to the these parts of these parts of 
hands, forearms, the body shall the body shall 
feet, ankles, head be not more be not more 
(excluding the than 1.5 rads than 0.15 rads. 
eyes) and neck. 











and a responsible person is always present to check that 
precautions are carried out so that no health hazard is 
involved. In practice, it has not as yet been found that any 
operator even approaches these limits of radiation as long 
as all operations involving exposed sources are carried out 
as speedily as possible. 

The dose rate from a source varies as the distance from 
the source increases according to the inverse square law; 
hence the use of long-handled tongs for the initial loading 
and unloading of the capsule. 

As an example of the dose rate received from a Co® 
source such as that used in these operations, a 100-mC 
unshielded marker gives a dosage of 1.4r./hr at 1 ft. 

Care must also be exercised while storing the sources 
and again, as an example, a 4.5 in.-thick lead container 
would be needed with a 100-mC source to reduce the dose 
rate on the outside of the container to 0.3r. per week 
assuming a 40-hour weekly exposure. From the figures 
stated above, it can be seen that these operations are 
perfectly feasible as long as the staff employed are aware 
of the potential. hazards and take reasonable and constant 
safeguards against these hazards. 

It has also been suggested that on account of the radiation 
hazard a source strength of 100mC Co® should not 
normally be exceeded when a simple form of go-devil is 
to be used. However, if the pressure-operated equipment 
is used this figure can be increased to 500 mC and still keep 
the radiation hazard in operation to about one-third that 
of an unscreened 100-mC source. 


Limits of Detections of Labelled Go-devils 

The depth to which a labelled go-devil can be detected 
depends on the strength and gamma energy of the source 
used, the density of earth and degree of packing, the 
precision to which the track of the pipe is known and the 
sensitivity of the detecting equipment. Co™ is the isotope 
normally used for this work, since this isotope combines 
the advantages of having a half-life of 5.3. years and two 
penetrating gamma rays per disintegration. 

It has been determined experimentally, and field experi- 
ments agree, that 3 in. of medium-density well-consolidated 
ground reduces the gamma radiation of Co by a factor of 
two. Unfortunately, the exact path of a buried pipeline is 
not always accurately known and this may lead to a reduc- 
tion of the depth at which the labelled go-devil is detectable. 
For instance, if the detector is offset 20 in. from the actual 
run of the pipe with 2 ft 6 in. cover, the reading obtained is 
only one-quarter of that obtained immediately above the 
pipe holding the go-devil. 

The detector used should be as sensitive as is consistent 
with a lightweight, rugged and portable equipment. A rate- 
meter, type 1368A, incorporating Geiger counters, and an 
even more sensitive ratemeter, type 1413A, incorporating 
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scintillation counters, have been used regularly for this 
work. Headphones are a help in the initial search, but a 
meter reading enables more precise location. 

The following table gives examples of the depth limit 
at which labelled go-devils can be detected in normally 
compacted soil. The strength of source required for less 
coverage can be calculated from the known absorption of 
gamma rays by soil as given above, taking into account 
the reduction of intensity with increasing distance, propor- 
tional to the inverse square of the distance. 


Source Strength Co Equipment Depth A Depth B 
100 mC 1368A 3 ft 4 ft 
100 mC 1413A 3 ft 6 in. 4 ft 6 in. 
500 mC 1368A 3 ft 6 in. 4 ft 6 in. 
500 mC 1413A 4 ft 5 ft 


Depth A. The figures given in this column are used if 
there is any doubt over the exact run of the pipe. or if it 
is required to obtain a reading while walking slowly along 
the pipe. 

Depth B. These figures give the absolute limit of detection 
possible when the run is known exactly and time can be 
spent in searching slowly. 

If the path of the line runs beneath concrete or other 
road material the depth of possible detection is reduced. A 
4-in. concrete road has the same effect as 6in. of soil. 


Details of Pressure-operated Equipment 

The core to house the radioactive marker, which is illus- 
trated in Fig. 4, is built into a cylinder of length 144 in. and 
outside diameter 44 in. with a 4in. X lin, stud projecting 
along the axis at either end. These studs are threaded for 
the first 2in. of their length and are normally used for attach- 
ment to the go-devil body. It might be possible to attach 
rubbers to the studs, making the core into a small go-devil. 

Situated in the middle of the core is a lead shield 4 in. 
in length. Through the centre of this shield and along its 
axis runs the source tube, which protrudes a little more 
than 4in. beyond the end of the shield. The source itself 
is sealed in a capsule, as already described, which in turn 
is housed in the source carriage. This carriage is free to 
move on ball bearings along the source tube, and under 
normal conditions is held by a spring in that part of the 
tube which is shielded by lead. To move the source carriage 
out of its shield a rack and pinion drive mechanism is 
employed. This moves the source through a distance equal 
to three times the linear depression of the hydroflex bellows 
which enclose the mechanism. The mechanism consists of 
two racks, one fixed and the other free to drive the 
source carriage along the tube. 

Between these racks is the pinion, which consists of a 
large and a small gea?™firmly clamped on the same axle. 
The smaller gear runs on the fixed rack and the larger on 
the driving rack. The rack and pinion mechanism is actuated 
by movement of the hydroflex bellows resulting from 
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Fig. 4. Go-devil core incor- 
porating pressure - operated 
radioactive marker. (1) radio- 
active source; (2) carriage; 
(3) return spring; (4) rack and 
pinion amplifying drive; (5) 
hydroflex bellows; (6) sealing 
cap; (7) pressure vents; (8) 
outer shell; (9) lead shield; 
(10) end plates; and (1) 
mounting studs, 1 in. B.S.F. 
X 2 in. length. 


changes in external pressure. In order to avoid damage to 
the bellows when under pressure, the space inside the 
bellows and source tube is partially filled with oil, the 
actual amount depending on the pressure at which it is 
required that the source be exposed. 

The source must be loaded into its carriage, behind a lead 
wall, by personnnel trained in handling radioactive material. 
The source is placed in the source tube followed by the 
spring and the tube is then sealed by the screw cap, which 
also includes an “O” ring seal. The oil serves the dual 
purpose of lubrication and control of the pressure at which 
the source is exposed. If there were no oil, the working 
pressure would depend almost entirely on the strength of 
the spring, and if there were no air the apparatus would 
not operate. Pressure is applied to the bellows via vents in 
the go-devil body and in the body of the core. 


Measuring Equipment 

Theequipmentused for the detection of a go-devil labelled 
with a radioactive source must be portable, light and yet 
rugged, battery-operated and yet sensitive. Several different 
portable tatemeters are available operating either with 
Geiger counters or with scintillation counters. Scintillation 
counters have the advantage of being the more sensitive, 
but the disadvantage of being more costly. The two field 
ratemeters mentioned above are the types 1368A and 
1413A, both of which fulfil the conditions laid out above. 
The type 1368A contains a fully transistorised ratemeter 
circuit fed from Geiger-Muller tubes sensitive to gamma 
rays. The battery power supplies are three commercial flash- 
light (1.5-volt) cells, type U.2, giving a continuously 
operating life of over 500 hours. This instrument has five 
ranges of operation, 0-0.05, 0-0.25, 0-1.0, 0-5.0 and 0-25.0, 
the calibration being in milli-réntgens per hour. The type 
1413A scintillation ratemeter has as detector a thallium- 
activated sodium iodide crystal 14in, in diameter by 1 in. 
thick, which is optically coupled to an E.M.I. photo- 
multiplier tube, type 6097B. The ratemeter circuit is also 
fully transistorised and the battery power supplies are the 
same as for the type 1368A ratemeter. The type 1413A has 
only four ranges of operation, namely 0-0.015, 0-0.06, 0-0.3 
and 0-1.5 milli-réntgens per hour. This ratemeter will operate 
for about 400 hours on one set of batteries. 

To check the dose rate occurring at any point either of 
the equipments described above can be used. However, as 
already mentioned, personnel employed near the source 
should wear a pocket ionisation chamber so that the total 
dose received by such individuals can be seen at any time. 
These instruments are about the same shape and size as a 
large fountain pen. The barrel contains a quartz fibre electro- 
scope which is initially charged from a small portable 
battery and then gradually discharged by ionisation pro- 
duced by radiation. 
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THE BRNO TRADE FAIR 


Chemical plant at the first post-war Czechoslovakian 


international engineering exhibition 


O less than 30 countries exhibited their engineering 

skills at this fair, the first of its kind to be held in the 
industrial city of Brno. Conceived with the aim of being 
a centre of international trade and of reflecting the advances 
made in the realm of engineering on a world scale, this 
exhibition was eminently successful. On the business side, 
for example, the Czech participants alone were involved 
in transactions totalling over £100 million, and more than 
10% of this turnover concerned Western European enter- 
prises, with British firms having the lion’s share. Apart from 
this, the fair was remarkable in a number of ways: such 
as its attendance, which nearly topped the 24 million mark 
—a popularity which often proved embarrassing to exhibitor 
and visitor alike; the buildings, some of which had been 
specially designed to house weighty industrial equipment; 
the area available to the exhibitors, which amounted to 
510,000 m.* and which is to be extended next year; and 
finally the exhibits themselves, which embraced more than 
40 different types of engineering goods from diesel-electric 
locomotives to microscopes, and with a good sprinkling of 
equipment for the chemical industries. 


Complete Processes 

In this field the most significant exhibits were the models 
of complete process plants, many of them representing 
products of the Czech engineering industry. But the absence 
of anything of this kind from the Soviet Union, especially in 
view of the plans for wholesale expansion of the Russian 
chemical industry, was a distinct disappointment, and the 
only Soviet exhibit in any way connected with the processing 
industries was a model of a standard industrial power plant 
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capable of generating 660 tonnes/hr of steam at 140 atm and 
at 520°C. Among the most impressive models were a 
1000 ton/day petroleum refining plant, a refinery for cane 
sugar, another for beet sugar and pulping plants based upon 
the soda, sulphate and sulphite processes respectively with 
complete recovery of cooking chemicals, and models of gas 
separation plants, including one for tonnage oxygen. This 
latter is indicative of the growing use of tonnage oxygen 
in the metallurgical industries, where the oxidising power 
of air is all-important for achieving increased output from 
existing plant, and as an important cost-reducing feature in 
the heavy chemical and gasification industries. This particu- 
lar model (Fig. 2) was representative of the plants to be 
erected for the gasification of brown coal in Czechoslovakia. 


These plants, designed by the Kralovo Pole works at 
Decin-on-Elbe, are low-pressure double-column plants 
equipped with regenerators, turbo-expanders and turbo- 
compressors which supply air at 6 atm. Protection against 
accumulations of hydrocarbons such as acetylene is effected 
by evaporating liquid oxygen in an additional condenser 
and also by absorption of the hydrocarbons from the 
oxygen-rich liquid during its transference from the lower 
to the upper column. Although its designers do not make 
exceptional claims for these plants, the latter none the less 
are not devoid of interest. The system of regenerator un- 
balancing, for example, utilises three nitrogen regenerators 
in addition to the two oxygen regenerators, Each nitrogen 
regenerator is fitted with an intermediate connection and 
undergoes the following operational sequence. First air is 
passed through and cooled, while water and the CO, are 
condensed upon the regenerator packing. Nitrogen is next 
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passed through to remove the condensed impurities and to 
transfer the cold from the nitrogen stream to the packing. 
Finally, part of the air stream leaving one of the remaining 
two nitrogen regenerators is passed through the cold end of 
the regenerator and withdrawn from the intermediate con- 
nection to join the main stream of air fed to the lower 
column. 


A few words on the expander used in this plant; it is a 
Skoda reaction-type seven-stage machine which operates 
with an inlet Mach No. of less than 0.55. Speed of rotation 
is 6500 rpm and the machine is connected to a 125-kW 
synchronous generator through a gear transmission. One 
of its major design aims has been to reduce the danger of 
icing, and to avoid the consequent interruption of operation 
for defrosting by hot air. The expander is constructed of 
an 18/8 Cr-Ni alloy and has adiabatic efficiencies as high 
as 80%, and a guaranteed 78% adiabatic efficiency is 
offered for air throughputs in the region of 16 tonnes/hr. 
Prolonged trials have shown that the effect of icing upon 
efficiency after a very lengthy run is less than the tolerance 
allowed for the measurement of adiabatic efficiency (+2%). 


Apart from the examples of complete gas separation 
plants shown in model form, which included an ammonia 
synthesis plant with coke oven gas as the hydrogen source 
(Linde-Bronn system), there were a number of plant com- 
ponents which reflected Czech activities in the gas separa- 
tion field. These included two exchangers, each having its 
surface formed of a multi-tubular coil wound over a 
mandrel, copper tubing being used-in the one case and 
steel in the other. The former serves to cool coke oven 
gas, the tube-side fluid, prior to scrubbing with liquid nitro- 
gen, the cooling medium being liquid nitrogen boiling at 
—190°C. The surface of this exchanger consists of 15 
concentric coils made from 10-mm-bore copper tubes, each 
7.6m. in length. The steel-tubed model is for pre-cooling 
nitrogen at 200 atm by means of ammonia boiling at — 50°C. 
Another piece of equipment for coke oven gas separation 
plants was a section of the liquid nitrogen gas scrubber. 
In this, Kuhni-type plates are used and made up of 21 
circular annular rings and the same number of circular open 
channels through which the vapour phase passes. The width 
of the upper rings is approximately an inch and the depth 
is about 14 in., tray spacing is about 6 in. and the column 
diameter from 14 to 1#m. 


The auxiliary tonnage oxygen plant condenser for the 
removal of hydrocarbons was also shown. It consists of a 
nest of coiled copper tubes with oxygen passing downwards 
through them and with nitrogen condensing on the outside. 
Surface provided in this vessel is 193 m.’. 


Among other plants shown in model form were an 
ammonia-soda plant and a synthetic fibre factory, both 
to be seen among the GDR exhibits; a 300 ton/hr cement 
plant of Czech design, and a number of smaller plant units 
for special purposes. Prominent among these exhibits were 
the firms Pintsch-Bamag, Ruthner and Kamyr. The first 
named presented an electrolytic plant for the manufacture 
of very pure hydrogen and oxygen by means of filter-press- 
like cells, a unit for purifying coke oven gas by activated 
carbon, and a gas drying plant employing glycol as 
the drying agent. Units of this kind can handle large volumes 
of gas, the maximum throughput being 1.3 million m.*/day, 
and for the very slight glycol loss of 2.2 per 100,000 m.’, are 
able to reduce the dewpoint of the gas treated by 32-35°C. 
Pintsch-Bamag also showed models of their spherical gas 
storage tanks, each capable of holding a volume of 
112,000 Nm of gas at 5.6 atm. 

Much of the Ruthner display showed evidence of the 
penetration of chemical engineering techniques into other 
fields. The tower pickling plant strip was a case in point. 
In this plant the strip is pickled during its vertical passage 
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Fig. 1. A_ British exhibit at Brno. Sturtevant's 
laboratory-size batch blender in operation. 





Fig. 2. A model of a tonnage oxygen plant. This plant 
has an output of 5400 N/hr of 95% purity O2, and 
is intended for gasification of brown coal. 





Fig. 3. A large Czechoslovakian turbo-compressor for 
refrigeration plant. These machines allow multi-stage 
throttling of refrigerant. 
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PRELIMINARY PROCESSING 
tas er nee ee tl 
CHOPPING REDUCTION TO PULPING 


Fig. 4. Flow diagram of De Laval's Centriflow 
plant for processing animal fat. This plant has 
a capacity of 1.5 tons of raw material per hour. 
[ts main components are: 1, chopping machine; 
3, intermediate reservoir; 4, light pump with 
variable speed drive; 5, mincer with arrange- 
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Fig. 5. Flow diagram of Kamyr plant for the Lp STEAM 
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continuous cooking of wood chips. The 

numerals have the following significance: 1, 

storage bunker; 2, rotary packed wheel with | 
variable speed drive; 3, low-pressure feeder | 
for steaming vessel (220-245°F); 5, chip chute; 

6, high-pressure feeder; 7, circulation pump; 
8, fresh liquor circulation pump for convey- 

ing chips to top of digester; 10, continuous | 
digester with heating zone to give a cooking | 
temperature around 340°F; 11, heating system COOKING 
pumps; 12, liquor heaters; 13, high-pressure anaem 
pump for maintaining pressure in cooker and 
transferring cooking and black liquor from 
tank 14; 15, pump for dilution liquor; 16, dis- 
charge device; 17, disc strainer; 18, vessel for 
recovery of steam; 19, pump for adding fresh 

liquor to pulp. 





between sprays of hydrochloric acid. The acid supply is 
maintained in circulation and part of it is diverted to a 
recovery unit—an essential feature of the plant. Here the 
iron dissolved by the acid in the pickling process is pre- 
cipitated to yield iron oxide and recovered hydrochloric 
acid. This interesting design eliminates effluent, neutralisa- 
tion and sludge problems. 

Kamyr, for their part, showed an example of the con- 
tinuous cooking unit (Fig. 5) which has both advantages 
over batch cooking in economy and product quality. 

De Laval showed a full-scale plant (Fig. 4), which was 
sold during the fair, for animal fat processing, and one of 
the few British exhibitors in the processing field, Sturtevant 
Engineering provided a representative, if necessarily limited, 
picture of the company’s diverse activities, with particular 
reference to gas cleaning and chemical plant and process 
machinery. Among the exhibits on show were an electro- 
static and paper air filter unit capable of a collection 
efficiency of 99.9995%. In addition, two other items were 
shown: a scale model of a tray belt filter and a laboratory- 
size batch blender (see Fig. 1). Very considerable interest 
was shown in these exhibits and a great number of inquiries 
were received, many of them of a definite nature. The only 
two items on the stand which were for sale, the air filter 
unit and an electrostatic mineral separator, were sold with- 
out previous negotiations. 


Compressors 
One of the most interesting features of the Fair was the 


diversity of compressors shown by the Stroj-export enter- 
prise. Besides piston patterns, there were axial- and radial- 
flow turbo-compressors, some of impressive performance 
and capacity. For example, from the C.K.D. factory at 


670 





— _FLASH STEAM 
| 
| 
| 
| 











SERERT ETE TRS 























7 
io : 


15) 
*- e-. MAKE uP 
BLACK UQUOR 











Prague came an air turbo-compressor with an output of 
32,000 m.*/hr at 8 atm. This compressor was shown con- 
nected to its prime mover, a four-pole synchronous motor 
of approximately 44,000 hp complete with automatic start- 
ing device. Equally impressive was the rotor of an axial-flow 
compressor with a delivery of 224,000 m.*/hr of air at a 
pressure of 4atm. According to tests conducted shortly 
before the machine was dismantled in readiness for the 
exhibition, it was said to have achieved an adiabatic 
efficiency of 80%. For supplying absolutely clean com- 
pressed air without trace of oil, a single-stage, double-acting 
machine was on view fitted with carbon piston rings. This 
machine had an intake of 400 m.*/hr and a delivery pressure 
of 6 atm. 

In addition to these compressors, there were a number 
of refrigeration compressors including a turbo-compressor 
with a driving speed of 6000 rpm and absorbing 1917 kW. 
Cold developed in the first stage is 1,.800,000 kcal/hr at 
— 30°C, in the second stage at —18°C, 1,500,000 kcal /hr 
(Fig. 3). 


Tape-wound Pressure Vessels 

In the pressure-vessel domain there were a number of 
exhibits which caught the eye, especially the refinery reactor 
(Fig. 11) and the tape-wound vessel (Fig. 7). Although 
layered pressure vessels have been manufactured in the 
U.S.A. and in the U.K. (by Vickers), the Czech exhibit 
of these vessels was particularly interesting in view of their 
widespread adoption in Czechoslovakia for chemical syn- 
theses. A number of disadvantages attend the use of forged 
vessels, especially if they are employed for processes such 
as very high-pressure hydrogenous and ammonia syntheses 
where the presence of hydrogen requires expensive alloy 
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steels as materials of construction. Thus, in the manufac- 
ture of the vessels there is considerable wastage of material, 
for only } to + of the ingot weight is used in the finished 
vessel, the size of the vessel itself is limited by the size of 
the ingot that can be cast and there is always a certain 
percentage of rejected vessels through defective ingots. 
Such considerations have led to a search for more economi- 
cal forms of construction for high-pressure vessels such as 
the multilayer and wire-wound types. The type shown at 
the exhibition could be regarded as a compromise between 
the two, because instead of wire a wide tape of serrated 
section (Fig. 7) is used for reinforcing the inner shell. 

Several advantages arise from this form of construction. 
There is a saving in corrosion-resisting material, since only 
a thin-walled inner shell of expensive alloy is required; the 
heat treatment of the tape ensures that the mechanical 
properties are uniform over the entire surface of the vessel 
so that less material can be used than with a forged pressure 
vessel; the prestressing caused by the contraction also permits 
a reduction in total wall thickness compared with the con- 
ventional thick-walled vessel, and in the event of failure 
such a vessel will not shatter. Its other advantages are 
the elimination of rejects arising from billet defects—a 
coiled vessel can be readily repaired or it can be strengthened 
by adding fresh layers, should more severe operating con- 
ditions demand such a step—and, finally, it is not limited as 
to size as thick-walled vessels. 

During their use some interesting facts have come to 
light; for example, it has been found that the thermal con- 
duction through the coiling is about 85-95% of that obtain- 
able from metal walls of the same material and thickness, 
and, unlike the multilayer designs, vessels which have to be 
drilled for the purpose, the tape winding is permeable to 
the gases escaping by diffusion from the inner core. Another 
useful feature is that excessive extension of the tapes is 
easy to detect so that an alarm to indicate the onset of a 
dangerous situation is easy to contrive. 


Fig. 6. The Slatina system of smokeless combustion 
for powdery fuels. 6 is the chain grate of the boiler 
furnace, 5 the apron feeder, 2 is a vibrating screen. 
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Process Pumps 

In the field of pumps, despite a useful display from 
Holland, those shown by the Czech firm, Sigma, dominated 
the scene with pumps for a host of applications including 
some for the process industries. Among the latter was a 
single-stage centrifugal for handling corrosive media, avail- 
able in the capacity range 22-1000 gpm for heads of 16- 
250 ft and which can be fitted with any of the usual shaft- 
sealing means. Materials of construction for the range are 
cast iron and"steel, monel, various grades of stainless steel, 
high-silicon iron alloys and high nickel alloys. Another pump 
was a two-stage centrifugal for pumping liquid hydrocarbons 
at temperatures up to 450°C. This, fitted with stuffing boxes 
containing a soft packing, runs at 2900rpm and will dis- 
charge at the rate of 180 gpm to a head of 410ft. For 
slurries’ there was a single-stage centrifugal shown with 
a hinged casing cover to give easy access to the interior of 
the pump. It is supplied in capacities up to 80.gpm with 
heads of 145-210 ft. For pumping liquid polyamide to spin- 
ning machines in synthetic fibre plants a gear pump was 
shown with a delivery of 24-36 cc/min., and for the produc- 
tion of comparatively coarse vacua, a water-ring pump was 
displayed capable of producing a final vacuum of 0.03 atma 
and of displacing a volume of air of 13,000 ft*/hr at 0.1 atma. 

Other pumps of interest included a range of hard lead 
pumps from Technoexport, offered in six sizes. These 
have stuffing-box glands and can be supplied to operate at 
either 1400 or 2800 rpm, with deliveries of 26-440 gpm, 
at heads of 66-115 ft. Another useful pump shown 
by the same. organisation was a _ two-cylinder 
piston machine for clear liquids, suspensions and emul- 
sions. Output is 20 gpm at a pressure of 200 psig and 
at a maximum temperature of 400°C. In the GDR pavilion 
was a centrifugal for handling acids and other corrosive 
liquids. This, apart from being obtainable in a range of 
materials or with linings, could be supplied either with 
packed glands or glandless. In the case of the glandless type, 








Fig. 7. The upper picture shows a tape-wound vessel 
under examination. The illustration below shows the 
method of applying the tape and the tape profile. 
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Fig. 8. A cooler for coke oven gas at 200 atm. The 


coolant is boiling ammonia at —50°C. 





























Fig. 9. Horizontal continuous centrifuge with twin 
liquor outlets, capacity 3000 kg/hr of crystalline solids. 
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Fig. 10. Lead bayonet-type cooler for sulphur dioxide 


used in t hesulphate pulp process. 


























Fig. 11. Catalytic reformer 
for operation at 500°C and 
50 atm. For the protection 


of plant operators, the 
reactor is encased in a 
jacket. 





an annular valve seals the shaft when the pump is not in 
use. When the impeller is in motion a centrifugal governor 
opens the valve, leaving vanes at the back of the impeller 
to provide the seal. These pumps, manufactured by the VEB 
Erfurter Ventilatoren und Apparatebau, are made in the 
capacity range 23-900 gpm for heads of 190 ft. In addition 
to these East Gerinan pumps, there was a single ceramic 
centrifugal from a pump range of 23-300gpm with 
developed heads of 25-70 ft, a product of the firm VEB 
Keramische Werke Hermsdorf. Mention should finally be 
made of a new pulp pump from Kamyr, equally suitable for 
handling pulps of consistencies up to 18-20% or for pulps 
of low consistency, i.e., 2-3%. This is a two-rotor pump 
which can handle as much as 600 tons/day of dry 
pulp. 

The fact that the exhibition was not devoted primarily to 
products of interest to the chemical industries may have been 
responsible for the absence of other types of pump. Other- 
wise it is possible that examples of canned-rotor, regenera- 
tive, diaphragm, metering and other types would have been 
more in evidence. 


Separation and Size-reduction Machinery 

A number of size-reduction machines was shown, but 
undoubtedly the most interesting machines were the 
vibrating mills. These machines were shown in two sizes 
and are reputed to produce particle sizes in the micron range. 
These are horizontal machines, built on the principle of a 
rotating vibratory shaft with a non-balanced grinding ele- 
ment inside the drum, which is filled with the grinding charge. 
Unlike machines which have appeared elsewhere, these 
machines employ coil springs and not leaf springs. They are 
also fitted with water-cooled bearings which suggests that 
there is some loss of power at the bearings. The two 
machines shown have capacities of 201. and 2001. respec- 
tively, and in the case of a smaller machine the frequency 
of vibration is 1040/sec., and in the larger machine 2880/ 
sec. 

Among the liquid-solid separators was a horizontal cen- 
trifuge for continuous operation. At 700-900 rpm, its 
capacity is 50.1 and the maximum charge that can be held at 
any instant is 100 kg. The output for crystalline products is 
3000 kg of solids per hour and a useful feature is the 
washing arrangements, which allow relatively concentrated 
mother liquor and a mother liquor diluted with washing 
liquid to be collected simultaneously by means of twin 
liquor discharges (Fig. 9). 

Of the few examples of drying equipment to be seen, 
those on the Niro stand were most noteworthy. This firm, 
in addition to illustrating by means of flow diagrams some 
of the more recent applications of this technique, showed 
actual drier spray heads and abrasion-resisting atomising 
wheels. The exhibits were a useful reminder that spray 
drying is nowadays not confined to the drying of heat- 
sensitive materials, but has extended to the drying of 
abrasive slurries and to materials difficult to filter, such as 
ceramic clays. 

Finally, no account would do justice to the Fair without 
mentioning the largest piece of plant on show; namely, the 
truncated portion of a cement kiln manufactured by the 
Prerov Works. This equipment remained in motion for the 
entire period of the Fair in order to demonstrate the silent 
driving mechanism and the easy method for controlling 
the kiln speed of rotation. The drive is by hydraulic motors 
direct coupled to the pinions driving the kiln gear ring. 
The hydraulic fluid is fed to these motors by 16 hydraulic 
pumps, each of which has its own separate electric motor 
(12-hp squirrel cage). The speed is controlled by switching 
the motors on or off. The system eliminates gearboxes and 
counter-shafts. The kiln itself can process 500 tons of 
clinker in 24 hours. 
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Fig. 1. Ammonium dihydrogen phos- 
phate growth’ 


F the many factors controlling a crystallisation pro- 
cess, perhaps none can cause a more spectacular 
change than the addition of certain impurities to the 
crystallising liquor. By their adsorption on to specific 
crystal faces, both the rate of growth and the crystal 
habit can be altered. This leads to many interesting and 
often perplexing results. For instance, the crystallisation 
(or nucleation) can be retarded until a yield is impossible. 
Moreover, the desired physical form of the product may 
be adversely affected, either by the formation of too many 
small crystals or through the development of crystals with 
very unfavourable shapes. Again, of course, the reverse 
of these effects can be realised, for agents can be added 
that give the required control of supersaturation, and cause 
the formation of the exact crystal size and shape desired. 
The literature on crystallisation is extensive and includes 
many studies on crystal habit modification. However, most 
of these studies have been performed in the laboratory 
and comparatively few are reported for industrial 
applications. 


Theory of Modifiers 


At present there is no satisfactory theory to explain the 
action of crystal habit modifiers. It is known that impurities 
are adsorbed on to crystal faces, and that this can alter 
the growth rate. However, different substances with pre- 
sumably the same functional group and configuration are 
adsorbed on different faces, and changes in concentration 
may result in different modifications. It has been noted that 
even a cubic (and thus symmetrical—all sides equal) habit 
can be modified, and that sometimes an impurity can be 
“overgrown”, making the side with the known adsorption 
not necessarily the one whose growth was retarded. 
Examples are known in which the adsorption represents a 
rather complete superposition of numerous atoms of the 
adsorbed molecule over the adsorbed structure (similar 
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INDUSTRIAL CRYSTALLISATION: 
INFLUENCE OF 
CHEMICAL ENVIRONMENT 


A review of a number of reported uses of crystal habit 
modifiers, several new uses and how this phenomenon 
may be studied 


by D. E. GARRETT, B.S., Ph.D., A.I.Ch.E. 


bond spacings), or where only one or a small number of 
active centres per molecule are attached, or where the 
impurity actually co-crystallises so that a zone axis (face) 
is parallel to a zone axis of the base crystal. Each different 
type of adsorption might be expected to provide different 
modification, but the pattern of this reaction is quite 
complex. 

Thus a very involved picture is presented of the influence 
of an adsorbed impurity on the mechanism of habit modi- 
fication. Simply, however, it may be the result of a selective 
adsorption of the impurity which alters the normal rate 
and pattern of growth. Adsorption of the impurity on the 
crystal surface would change the normal surface-energy 
relations, besides actually blocking certain sites and allow- 
ing others to be favoured. This can be visualised physically 
by assuming that the impurity posseses functional groups 
(perhaps the entire molecule) with stronger charges than 
the supersaturated or crystallising salt, which are there- 
fore preferentially attracted (adsorbed) to the crystal. The 
comparative strength of the charges and the interatomic 
distances and spatial configuration of the impurity deter- 
mine its effectiveness and concentrations. This also helps to 
dictate the type of modification that will occur, for atomic 
distances will differ for each face—especially where steps, 
holes, kinks, etc., are required to provide the most favour- 
able site.' When the impurity concentration is low there- 
fore, statistically it will locate only on certain faces or 
preferred sites, and one type of modification will occur. 
When the concentration is increased, the probability of 
finding the impurity in other not-quite-so-preferred sites 
increases, and a different habit modification may occur. 
Similarly, the type of modification is often dependent upon 
the rate of crystallisation or the physical conditions 
involved in the system. This can be visualised as resulting 
from at least three factors: (1) the increased rate of 


‘crystallisation essentially lowers the probability of adsorp- 


tion of the impurity, and thus restricts the sites available 
to it; (2) the faster growth rate implies a higher effective 
supersaturation, and thus somewhat alters the crystallisa- 
tion. Statistically there are more large fragments (sub-nuclei 
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size) or clusters available for attachment to. the crystal, 
and this changes both the competitive advantages of the 
impurity and the type of sites available to it, as well as 
its influence in these sites. Again, a different habit modifica- 
tion may result; finally, (3) overgrowth can more easily 
occur with the faster rate, which can either nullify the 
effects of the impurity, or perhaps through the formation 
of kinks or imperfections cause a different modification. 


The phenomenon of some habit modifiers being included 
in the final product, and others not, as well as adsorption 
sometimes visually occurring (as with a dye) on a face that 
has had apparently no modification of its growth, can also 
be explained by a physical model. In the simplest case 
adsorption has been sufficient to completely block the 
growth of one face, and modification has occurred, but 
the amount of material adsorbed is too small to be noticed. 
Likewise, adsorption can be sufficiently complete to modify 
the habit, but the size and shape of the adsorbed molecule 
can be such that at the existing crystallisation rate complete 
overgrowth will occur, thus allowing a noticeable amount 
of the impurity to be retained. Such overgrowth may also 
occur without the habit’s being changed, especially if the 
adsorbed sites are very specific. Such would be the case 
in the formation of hour-glass patterns or striations. 


For the majority of crystallisations the adsorption is 
intermediate between these extremes. There is always a 
dynamic equilibrium between the crystal surface and the 
solution for both the impurity and the crystallising solid. 
Consequently, the impurity is not necessarily fixed once it 
has joined the crystal surface. It may effectively block 
further growth for a time, but eventually may be desorbed 
and replaced by the parent solid. In this manner it only 
retards and does not stop growth of a specific surface. 
Moreover, comparatively little, or none, of the impurity 
may be retained in the crystal. Impurities with only a small 
fraction of their bulk contributing to the adsorbing charge 
would be expected to be more vulnerable to such desorp- 
tion, other things being equal. The same would apply to 
impurities with weaker charges, such as many inorganic 
salts. Materials like sodium sulphate, or equilibrium forms 
resulting from a pH change, can sometimes be useful 
modifiers, but generally the effect is weak and high con- 
centrations are required. At the same time, the adsorption- 
desorption equilibrium statistically provides that, even 
though the effect of the impurity on habit is felt, significant 
quantities of the impurity are not necessarily left in the 
crystal. 


In considering this phenomenon, only the general electro- 
static charge of the particles has been mentioned. It should 
also be assumed that in many cases the adsorption is that 
of a chemical bond, whether it be reasonably strong, as in 
esterifications, or comparatively weak, as with hydration 
or complex formation. This general mechanism of habit 
and growth modification has unfortunately not yet been 
substantiated by complete physical data, but it does at 
present provide a useful model for interpreting these 
crystallisation phenomena. It can only in the most qualita- 
tive sense direct a study toward finding improved modifiers, 
but the further accumulation of data on adsorptive 
capacities and molecular dimension should help to make 
habit modification more predictable in the future. 


There have been numerous comprehensive laboratory 
investigations on crystal habit modification in the past. 
Those of BuckLey are very informative, and in one 
reference? many of his studies are reviewed and a large 
number of examples of habit modification are summarised. 
An attempt is also made in the tables presented to 
quantitise the power of numerous additives. A review of 
this reference provides a very good background in the 
complexities of this subject. 
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Fig. 2. Effect of sodium ferrocyanide upon sodium 
chloride crystal. habit (X35). 














f } lonic 
\._.7 radii. 








Fig. 3. Metaphosphate chains. 
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Industrial Cr/ystallisation 

The requirements of industrial crystallisation as to the 
rate, size and crystal habit of the product are varied 
enough so that many different demands can be placed 
upon different processes. In many cases, the product can 
be improved in some manner if additives are used to give 
the optimum crystal. Such modification cannot always be 
accomplished, of course, but there are some cases where 
it can and is being done with outstanding success, Examples 
of such industrial practice are presented in the following 
sections. 

Boric Acid. Generally, the desire is for large crystals 
as round as possible. There are cases, however, where just 
the opposite is desired. An example of the latter is in the 
production of “flake” boric acid, effected by the addition 
of gelatine or casein to the solution. Here selective adsorp- 
tion of the impurity upon the basal pinacoid faces, with 
consequent reduction of their rate of crystallisation, is 
assumed to be the cause of the modified habit. 

Ammonium Nitrate. A similar phenomenon is employed 
to minimise caking of ammonium nitrate crystals. Normally 
when a material cakes it is the result of a small amount of 
solution having formed on the surface, a liquid bridge 
being made between particles, and then the solution re- 
crystallising to cement them together. Now, if an impurity, 
such as a 0.03% coating of the dye acid Magenta’ is 
placed on the outside of the crystals, the redissolved and 
recrystallised ammonium nitrate crystal habit is changed 
from that of the usual acicular (110) prisms to (010) plates 
or scales. These form much more fragile caking bridges 
and, as a consequence, the material does not set up nearly 
as firmly. 

Plaster of Paris. Another unusual application of crystal 
habit modification is that used to minimise the expansion 
of plaster upon setting. As plaster of Paris sets, there is 
usually a growth of elongated gypsum needles parallel to 
(001). If a small amount of sodium citrate‘ is added to 
the mix, short prisms tabular to (010) are formed, which 
considerably reduce the expansion of the plaster upon 
setting. 

Optical Crystals, NHyH2PO,. For the more normal indus- 
trial application which requires crystals large in size as well 
as controlled in shape, the growth of large single crystals 
for optical or electrical equipment makes a good example. 
Many of these crystals are grown by employing habit 
modifiers, as in the case of ammonium dihydrogen phos- 
phate. Since each crystal must be cut to furnish a number 
of plate elements, they must. not only be large, but also 
well proportioned. Crystals grown from “pure” solutions 
are apt to show preferential growth along one axis; adjust- 
ment of the pH by the addition of diammonium phos- 
phate® *° counteracts this tendency (favours a stubby habit). 
After a bar has grown to a total length of 8 to 10 in. with 
a square cross-section about Igin. on an edge, further 
growth on the prism faces is inhibited by the addition of 
traces of iron. Cross-sections of this bar can then be used 
for seed. The iron (or Cr or also Al) in concentrations of 
about 0.06 g./1. tends to inhibit cross-sectional growth, but 
allows adequate “capping” to take place. Too little iron 
allows the bar to fatten; too much will cause it to taper 
until growth almost ceases (see Fig. 1). As an incidental 
point of interest, Bat*+ and SO,= ions will tremendously 
increase the conductivity of the crystal without appreciably 
affecting crystal growth. 

When crystals are grown in the presence of Crt*+ a 
green colouration appears on the crystals in those areas 
which grew by deposition on the prism faces. There appears 
to be a preferential adsorption on the prism faces, retard- 
ing growth, with an even more pronounced adsorption on 
the edges between the prism and pyramid faces. It was also 
noted that the overall growth rate increased owing to the 
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much higher supersaturations maintainable in the crystal- 
lising solutions with the trivalent ions present. In pure 
solutions, a 1-2°C supersaturation could be maintained 
(1°C = 7.5 g./l. excess ADP salt), while with Fet+++ at 
0.1 g./L, twice this temperature increase could be main- 
tained. With Cr*+** a 12°C supersaturation could be main- 
tained with the seed crystals present. (Cr*+** is not as use- 
ful at iron; even so, as was mentioned above, it also reduces 
the growth rate of pyramid faces.) This possible interrela- 
tion between extension of the degree of supersaturation 
and growth-inhibiting adsorption is an interesting com- 
ment on the mechanism of crystal habit modification. The 
extension of the meta-stable supersaturation zone can be 
explained by selective adsorption on the embryo nucleus 
preventing the crystal from reaching the size necessary for 
stability. Consequently, it has a greater tendency to break 
up and re-dissolve than to continue building. A similar 
adsorption would account for the retarded growth of the 
prism faces of an existing crystal. 

Alkali Chlorides: NaCl, KCl, NH,.Cl. With the crystal- 
lisation of NaCl, KCl and NH,Cl, the normal tendency is 
to form relatively small crystals. However, there are several 
materials, such as Pb**, that will cause a rate modification 
so that larger crystals may be formed. It is presumed that 
with a cubic system, since the habit is not modified, this 
more favourable size results from an increase in the range 
of supersaturation within which spontaneous nuclei do not 
form. However, at least with KCl, an intermediate salt 
(complex) KPbCl; is known to form’ and to crystallise 
with the KCl in parallel layers, as on the (121) and (323) 
faces, in contact with the (111) face. This also presumably 
could cause the increase in crystal size. 

With NH,Cl and NaCl, the addition of urea changes 
the habit. In the latter case, small quantities will change 
the habit from cubic to octahedral. Larger crystals of KCI 
can also be formed by the addition of Fe, Al, Th, Zn and 
Bi salts, as well as lead. A pH greater than 8.5 and a cool- 
ing rate of 0.5-1.0°F per minute have been given as the 
optimum conditions.’ Salts (in addition to lead) that affect 
the habit cf NH,ClI are the ammonium salts of PO,=, CO;=, 
SO,=, F-, I- and SCN-. Increasing concentrations change 
the habit from dendrites, to rosettes, to plates, to cubes.® 
The limiting concentrations to form cubes, in moles per 
litre, are: (NH2WO, = 0.00024, (NH,»MoO, = 0.01, 
(NH,)sPO, = 0.33, (NHs)eCO; = 0.46, (NH,)2SO, = 2.05, 
NHI = 2.06, NH,NO; = 4.29 and NH,SCN = 4.66. 

One additional alteration of the crystal habit of sodium 
chloride that deserves special notice is the industrial modi- 
fication brought about by sodium ferrocyanide. It has been 
found that a small amount of sodium ferrocyanide added 
to vacuum crystallising pans alters the crystal habit of 
sodium chloride so that dendritic-type crystals are created 
(see Fig. 2). These dendritic crystals are somewhat similar 
to snowflakes and reportedly have a low-bulk density, are 
free-flowing, and have a reduced tendency to cake.” 
Furthermore, by simply adding the ferrocyanide to the 
dried salt, the same non-caking properties can be created. 
The mechanism is similar to the case of acid magenta on 
ammonium sulphate. Sodium ferrocyanide causes re- 
crystallisation that normally would result in caking at the 
crystal contact points to occur as dendritic growths. These 
do not cement the crystals together as firmly and, therefore, 
caking is reduced. 

Calcium Carbonate..In the softening of water to prevent 
deposition of calcium scale, sodium metaphosphate (or a 
similar compound) is often added. The mechanism by 
which they are effective is believed to be centred about the 
geometric symmetry of calcium carbonate crystal and the 
O-P-O bonds." Thus as a calcium carbonate embryo starts 
to form, the O-P-O group is adsorbed with each phos- 
phorous atom exactly in the centre of the equilateral tri- 
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angles formed by the calcium ions (see Fig. 3). The spaced- 
out multiplicity of the metaphospliate ion’s single charges 
give it a considerable adsorption advantage over carbonate 
ions, and the electrical neutrality of the adsorbed layer 
prevents further crystal build-up. The embryo thus has 
the chance to break apart before it is large enough to 
become stable, and no crystallisation takes place. The 
addition of but a few ppm’s of metaphosphate (or pyro- 
phosphate or tripolyphosphate) is effective in maintaining 
a high calcium carbonate supersaturation for a considerable 
period. By virtue of their high adsorption affinity, the 
polyphosphates act as crystallisation inhibitors for a variety 
of other * ompounds. 

Glauber’s Salt. Sodium sulphate decahydrate, with its 
low melting point and high water solubility, is a convenient 
agent for mixing with polymers to form synthetic sponges, 
since it can be readily removed from the finished product. 
For this purpose, however, it is necessary that the crystals 
be chunky and of a specified size. One of the readily avail- 
able sources of Glauber’s salt for this purpose was from 
by-product rayon liquors, but unfortunately the crystals 
produced by cooling this solution were predominantly 
needle shaped. Upon investigation, it was found that the 
shape of the crystals had been altered by various organics 
in the liquor. Other modifiers could be added that had an 
overriding effect on the first organics and allowed the habit 
to be modified to chunky almond- or egg-shaped particles. 
Surface-active agents, such as the alkyl aryl sulphonates, 
were most effective (see Fig. 4). 

Ammonium Sulphate. Ordinarily, pH modification does 
not have a strong influence upon crystal habit, but there 
are a few cases where it does. Usually the px effect can 
be attributed to a shift in the concentration of the various 
ions in equilibrium with the original substance. Moreover, 
the pH change might result in a difference in the degree of 
complexing involved. 

One of the better known examples of the effect of pu 
is in the crystallisation of ammonium sulphate. Since this 
material tends to be somewhat hygroscopic, it is advan- 
tageous to have closely sized, large, chunky crystals. This 
can be accomplished with relative ease, but a careful pH 
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control is necessary. As shown in SVANOE’s paper™ (see 
his Fig. 5), a 2.5 pu difference can change the habit from 
good-sized, elongated prisms to small, chunkier crystals. 
The optimum pu lies in between these two values. Since it 
is thus necessary to control to an acid pH, the control must 
be quite exactly maintained, for it is most undesirable to 
leave an excess of sulphuric acid with the product. 

Ammonium sulphate is also very amenable to habit 
modification by solution impurities. In SvANoe’s Fig. 5, 
the product at pH 5.5 was crystallised in the presence of 
small quantities of other inorganic solutes; the very well 
formed, chunky crystals of the second picture were formed 
in the presence of an organic impurity. Since ammonium 
sulphate is generally sold under rather strict crystal size 
specifications, and also has severe caking tendencies, it is . 
a common industrial practice to add modifiers to aid in 
controlling its crystallisation. These can be of several 
types, including the alkyl aryl sulphonates. 

Copper Sulphate. The crystallisation of copper sulphate 
also makes a good example of the effect of pH upon crystal 
habit. Fig. 6 shows the change made in the pentahydrate, 
going from a neutral solution to one with 0.3% sulphuric 
acid. Chunky crystals predominate in the former solution, 
while thin, flat crystals occur with the acidic ones (see 
Fig. 6”). 

Sodium Sesquicarbonate. In many of the former 
examples the exact crystal habit desired was obtained by 
the addition of the appropriate modifiers. There are many 
cases, however, where the modifiers may perform a useful 
service, but still only partially approach the desired habit. 
This is true of sodium sesquicarbonate, or trona, which 
normally produces a fine and needle-like crystal (see Fig. 
7"). With the aid of organic modifiers, the size of the 
crystals can be considerably increased, but their shape is 
not significantly improved. No agents have been reported 
to date that will allow any further improvement on the 
crystal habit. 

Borax. One of the products derived from the brines of 
Searles Lake, borax requires a closely-controlled chemical 
environment for the crystallisation of large and well-shaped 
particles. A pu of about 9.7 is required to form the most 
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Fig. 5 (above). Effect of oleic acid upon borax crystal 
habit (X35). 


Fig. 4. Effect of detergents upon Glauber’s salt 
crystal habit (X 17.5). 
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nearly cubical crystals, and may be obtained by the addi- 
tion of any basic compound. The addition of small 
quantities of oleic acid helps to avoid the formation of 
clusters and dendrites, and favours the growth of larger 
crystals (see Fig. 5). Other additives such as Fe++, Mg, Zn, 
Al, various dyes, etc., also have a beneficial effect upon the 
crystallisation, but only when added in comparatively 
large concentrations.“ None of the common anions appears 
to have any direct effect (other than its pH influence), with 
the possible slightly detrimental effect of sulphate in 
medium to large concentrations. 

Sodium Carbonate Monohydrate. A second intermediate 
product from Searles Lake brines is sodium carbonate 
monohydrate. Generally, it is easily formed, but the crystal- 
lisation is found to be considerably improved by the 
presence of sodium sulphate. More than 1% NaSO, is 
required to modify the habit, the action being that of sup- 
pressing the normal cluster formation and increasing the size 
of the crystals. Increased sulphate concentrations con- 
tinue to improve the habit, but above about 3% Na»SOQ, 
the double salt burkeite becomes saturated. The presence 
of greater than several per cent sodium chloride also im- 
proves the crystal habit, but it tends to further lower the 
solubility of burkeite. By striking a balance on the con- 
centration of the two modifiers, the process can be 
adequately controlled. 


Investigation of Habit Modification 

From the number of sucessful examples of industrial 
crystal habit modification, it might be assumed that the 
improvement of any given system is a relatively easy 
matter. Actually, just the opposite is true, While it can 
generally be expected that many modifying agents will 
be found that alter a given crystal’s habit (at least to a 
slight extent), to find acceptable ones that provide the 
correct modification is usually a very difficult job. Often 
the modifier will be adsorbed on the crystal to the extent 
that it becomes an objectional impurity. At other times, 
such high concentrations are required that the mother 
liquor becomes badly contaminated for subsequent pro- 
cessing steps. Consequently, there are a number of require- 
ments that must be met. First, the modifier should not 
adversely affect the purity, colour or physical properties 
of the product (and possibly also of the mother liquor). 
It must not be too expensive, nor too toxic, corrosive, etc. 
In general, except for the habit modification, it should act 
as if it were not present. This is a difficult and exclusive 
set of restrictions and greatly limits. the list of possible 
modifiers. 

Perhaps the most formidable problem in employing a 
modifying agent is the actual search for effective agents. 


Even though it is known that certain structural groups 
should be more effective than others, there is still very little 
that can be done in the way of a systematic investigation. 
Invariably the search for modifying agents becomes a trial- 
and-error study, where rough, rapid screening tests must 
be made. Since many impurities will have some effect on 
the crystal habit or growth relationships, the problem 
becomes that of balancing the uncertainties of the screen- 
ing method with the extent of improvement required. This 
usually requires considerable experimentation before 
satisfactory beaker test methods are developed"; even when 
established, the methods are usually found to be compara- 
tively slow. When a number of promising agents have 
been found, they must be tested in equipment resembling 
plant crystallisers, since the habit modification is also 
strongly affected by the physical conditions encountered. 

The study of crystal modifiers or growth regulators thus 
can be a lengthy and expensive process, with no certainty 
of commercial success. However, often the attractiveness 
of a successful modifier well justifies a reasonably inten- 
sive research study. 


Conclusion 

The practice of modifying the crystal habit and/or the 
rate of crystallisation is quite well known and widely 
practised. The mechanism of habit modification is only 
partially understood at the present time, but considerable 
work has been, and is being, done on the subject. Though 
not universally applicable, the use of a controlled chemical 
environment provides the chemical industry with a power- 
ful tool for more precise product quality control. 
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High Pressure Chemistry: Corrections 


To the two-part article by Mr. W. Strauss which appeared in the July and 
October issues of this journal the following corrections should be made. 


Part 1: Page 386, column 1, line 38, should have read: 
“by Bett and Newitt”. 

Line 37, column 2, should have read: “(see Fig. 2) can be 
used which give, with”. Equation (4), column 1 p. 388, 
should have read: “Kp = Ky Tl (yaye/01 (yx)! = K;|Ky 

..(4)” 

Column 2, line 2, should have read: “the factor 1/Ky 
which increases with pressure®’. Equation (6), column 2, 
should have read: “AV = (CAG/@P)7 = RT (0 In K/OP)r 
Column 2. line 48, p. 389, should have read: “ionised form 
(see Fig. 4). At high pressures two competing”. 
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Part 2: Page 521, column 1, line 12, should have read: 
“RT (0 In K/0P)r = —AV” 
Line 17 should have read: 
“RT (0 In k/daP): = 
Page 523, line 48 should have read: 
“R* + CH::CH: ——» R.CH2.CH2*” 
Line 50 should have read: 
“R.CH2.CH2* + n CHe:CH2 ——»> R(CHs2)en4:.CH2*” 
Line 53 should have read: 
“R.(CH2)n.CH:* + *CH2(CH2)m.R ——- 
Line 56 should have read: 
“R.(CHe)n.CH2* + *CHe(CH2)m.R ——> R.(CHo)n+m+2.R”. 
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by KOZABURO TAKAHASHI 





HE Atomic Fuel Corporation of Japan was established 

in August, 1956, pursuant to the provisions of the 
Atomic Fuel Corporation Law, to conduct exploration for 
and milling of nuclear source materials, the production of 
nuclear fuel materials and the fabrication of fuel elements, 
reprocessing of spent fuel and control over these materials. 
In 1957 it became necessary to set up very rapidly Japan’s 
first uranium refinery to meet the needs of the nuclear 
power development programme. The Excer process was 
chosen for carrying out the purification, and the construc- 
tion of a 30-kg pilot plant was completed in December, 
1958, in close co-operation with Weinrich & Associates 
(Washington, D.C.). 

There are two processing units in the purification section, 
which had been developed at Oak Ridge National Labora- 
tory and engineered by Weinrich & Associates. One is the 
Higgins semi-continuous ion-exchange system; the other 
is an electrolytic reduction-precipitation system. Together, 
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Fig. 1. Simplified flowsheet for the Excer process. 








JAPAN’S FIRST URANIUM REFINERY 


A cyclic pulsed ion-exchange column is the 
main means of purifying the uranium solution 


they provide a short process that yields high-purity uranium 
at low capital investment per unit output. 

The simplified flowsheet of this process is shown in 
Fig. 1. It comprises hydrochloric acid digestion, Higgins 
semi-continuous ion-exchange as the first-stage purification, 
electrolytic reduction, and aqueous hydrofluoric acid pre- 
cipitation of UF,3/4H:O. Additional purification is 
obtained during the precipitation step. Most of the operation 
is done below 100°C. Only the dehydration step requires 
elevated temperature. Since the green salt (UF,) produced 
is converted into uranium metal by the conventional mag- 
nesium reduction method, description of this stage is 
excluded. 


Process Description 

Acid Digestion. The South African concentrate, which 
contains more than 85% U;Os, has been used so far as the 
feed material to the Excer plant. Uranium concentrate and 
hydrochloric acid which is returned from the precipitation 
step are fed to the rubber-lined digestor, where dissolution 
is completed within a few hours. The uranium-bearing 
solution is concentrated in the primary still until it reaches 
the desired uranium and hydrochloric acid concentrations, 
namely 200-250 g U/1, and 6-8 M HCl. The concentrated 
solution is cooled, filtered if necessary, and then stored 
in the feed tank to send to the ion-exchange column. 

lon-exchange System. The column is made of steel lined 
with hard rubber and the inner diameter is 8in. Feed 
liquor flows in near the bottom of one leg of the U-shaped 
ion-exchange column and passes downward through the 
resin in the bottom of the loop. Scrubbing solution of 6-8 M 
HCI is fed in slightly above the liquor inlet and flows down- 
ward with the feed stream. After passing through the resin, 
the mixture of impurity-bearing acid and stripped liquor 
are taken off near the bottom of the other leg of the 
column for recovery of the hydrochloric acid. 50-70% of 
HCI are recovered in the acid still and returned to the 
column as the scrubbing acid. 

At the end of a two- to three-minute solution-pumping 
cycle, the flow is interrupted for five to ten seconds while 
the column is hydraulically pulsed to push the resin 3-4 in. 
around the circuit counter-current to the feed stream. This 
movement brings loaded resin up from the absorption zone 
to an elution zone, where the purified uranyl chloride is 
eluted with water. At the same time, a part of the re- 
generated resin from the top of the elution zone is trans- 
ferred to the other leg of the unit for recycling through the 
absorption done. The flow rate of feed, scrubbing, product 
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solution and elution water are about 20-40, 60-80. 20-40 and 
70-80 1/hr, respectively. Uranium recovery during this stage 
is over 99%. 

High decontamination factors are obtained in this column 
for almost all impurities which are initially involved in the 
feed solution. 

Electrolytic Reduction. Purified uranyl chloride solution 
(UO.Ck.) containing about 100g U/1 must be reduced to 
uranium tetrachloride (UCI) before precipitation. The 
reaction of interest is: 

UO,*t* + 2H*+ + 2e —+ U* + H2O + 40. 
Uranyl chloride solution is fed directly to the cathode 
chambers of a bank of 12 diaphragm cells. 0.5 M sulphuric 
acid is electrolysed in the anode chambers to provide hydro- 

* gen ions, which pass through the cation exchange mem- 
branes, and oxygen, which passes off as gas. The divalent 
uranyl ion decomposes at the cathode, yielding oxygen, 
which combines with the hydrogen ions. The resulting tetra- 
valent uranium ions combine with chlorine, pass out of the 
cell as uranium tetrachloride. Hastelloy C is used as cathode 
and Tirreloy as anode. Electrolysis is effected at ambient 
temperature. Current efficiencies are essentially independent 
of temperature and are about 80% for a 90% reduction at 
current densities of 5-7 amp/in.” 

Uranium tetrachloride thus formed is then treated with 
aqueous hydrofluoric acid in the Haveg tank at 90-100°C to 
precipitate uranium as hydrated uranium tetrafluoride 
(UF,3/4H2O) which is easily filtered. Uranium tetrafluoride 


Fertiliser Plant for Peru 


ERU has been a major producing country for natural 

fertilisers from guano deposits, but has now had to 
turn to the manufacture of synthetic fertilisers. To pro- 
duce these, Montecatini entered into an agreement with a 
Peruvian company named “Fertilizantes Sinteticos S.A.” or 
“Fertisa” with main offices in Lima, for the construction 
of a completely new, modern fertiliser plant in Callao. 
Fertisa’s share capital is today $5 million (American), 
mostly subscribed by Peruvian shareholders. The final in- 
vestment value of the plants installed in Callao is in the 
range of $10 million. 

Construction began in 1957 and the factory started 
operations in April, 1959. Employing the well-known 
Fauser-Montecatini processes, it was designed to give the 
following maximum output figures, on the basis of 330 
working days per year: 20,000 metric tons/year of an- 
hydrous ammonia (the hydrogen is obtained by partial 
combustion of fuel-oil); 54,000 metric tons/year of nitric 
acid, 53% by weight; 35,000 metric tons/year of am- 
monium nitrate, in two qualities; 85% of fertiliser grade 
with N content 33% and the remainder technical grade 
with N content 34.5%; 7000 metric tons/year of am- 
monium sulphate, fertiliser grade; and 1500 metric tons/ 
year of nitric acid, 98% by weight. 

Synthetic ammonia produced in Callao is utilised as fol- 
lows: 41% for nitric acid production; 40% for ammonium 
nitrate production; 10% for ammonium sulphate produc- 
tion; the remaining 9% is reserved for direct sale as 
ammonia. The nitric acid, of 53% by weight strength, is 
used as follows: 95% for the production of ammonium 
nitrate and the remainder for the production of concen- 
trated 98% acid supplied to another company manufac- 
turing explosives. The latter provides Fertisa with the 
sulphuric acid needed for the concentration of nitric acid 
and the production of ammonium sulphate. In the fertiliser- 
grade nitrate plant there is a granulating device used for 
the first time and based on revolving dishes, which gives a 
prilled product, directly suitable for distribution on the 
ground. 
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tion factor is 


tion steps. 


Conclusion 


The essential aim of our pilot plant is, as its name * 
indicates, to obtain the scaling-up data for the larger com- 
mercial plant which will be constructed in the near future. , 


At the same time, several tons of uranium metal produced 

at our plant are scheduled to be provided for Japan’s first 

domestic reactor (JRR-3) which is now under construction. 
Although we have only operated for a short time, our a} 

experience suggests that the Excer process is very sound ‘ 
from both the technical and economic standpoints. It is our 

impression that only minor mechanical problems remain 

to be solved before the larger commercial plant is designed. : 


is filtered while it is hot and dried at 120°C for an hour. 
Impurities remaining in the uranium tetrachloride sojution 
are removed during the precipitation. High decontamination 
factors are obtained, especially for iron whose decontamina- 
relatively 
operation. Analysis made of the UF,3/4H2O hitherto pro- i! 
duced at our plant shows that impurities involved are within j 
the limit stipulated in the specification. 

After drying, tableting and granulation to raise the tap leg 
density to 2.7-3.5, the product is dehydrated at 450°C in a 
neutral atmosphere, and converted into uranium metal by 
the conventional magnesium reduction. Great care has to 
_ be taken to protect green salt from mechanical inclusion 
of impurities during the tableting, granyJation and dehydra- \ 
































small during ion-exchange me 








O2 










—— 
/ ‘ 
4 

FUCL Olt 
16,500 t 
























1,900 t (9) 

















2,000 1 (10"/,) 














































Flowsheet showing a synthetic fertiliser plant. Con- + J 
sumption and production are expressed in metric n 
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RELEASING PRESSURE 





SOLUTION I. BY ELECTRICAL ANALOGUE 
by D. J. Britton, B.A. 
ET us consider the equivalent electrical circuit for the 
system (Fig. 1). This would consist of a condenser of 
capacity C earthed on one side. The other plate is initially 
charged to a voltage E,. The condenser is able to discharge 
to earth through two resistances, r; and re, in series. 








Then g = CE 
where E is the potential across the plates of the condenser 
at time ¢. 
——e E 
“dt ’ ry tle 
, —d(CE) ‘ E 
‘ dt ‘ rth 


If we assume that C is a constant, and also that r; and rz 
are constant, this equation may be integrated exactly, giving 


r : t 
no io ep | C (r,+ 5) 

In the mechanical case, the first assumption means that 
the gas is ideal,. while the second assumption implies that 
the resistance to the flow of gas through each component is 
proportional to the pressure drop across that component. 

It now remains to translate this equation into mechanical 
terms. 

q_ W MV 
ae. ae 
since the gas has already been assumed ideal. 
The “resistance” of either mechanical component can be 


defined by: 
_ ==, A* 
r= ;= 4 
(3 
- PRES go - 7M (f) 
sre dt odt\ RT) RT \a 
vA 
where (> is the volume rate of flow of gas to atmosphere, 
measured at atmospheric presure. 


RT 


Pi Wiad * 
dt 


\P 


cd 


Now we define the mechanical resistance, Z, by: 


(%) _A? 
da} Zp 








IN A CONTAINER TO ATMOSPHERE 


~ B.C.E. invited readers to recommend a method for calculating the time 
to exhaust a container to atmospheric pressure through a pipeline and 
packed tower. Below we give two proposed solutions 





Symbols Used 


Electrical units 
= electric charge; 

voltage on condenser; 

current; 

electrical resistance; 

capacitance, and 

initial value of E. 


wunnnd 


Mo, .me 


its 

time; 

pressure in tank; 
initial pressure in tank; 
ag eric pressure; 
P—P; 


P. — P’; 

mass of gas stored in tank, less the mass contained at 
atmospheric pressure, i.c., effective mass of gas stored; 
gas constant; 

absolute temperature of the system; 

volume of tank; 

molecular weight of gas; 

mechanical resistance to gas flow, a function of the 
dimensions of the apparatus only (v.i.); and 

= viscosity of gas. 


= 


Mechanical u 


II uit 


1] 


Hunn 


Pp 
s NESS €2°5 3? >. 
i 


Electro-mechanical analogies 
q 

E 

E. 

i 


r 


Cc 


inn wow 
> 
~ 














Fig. 1. Circuit diagram for solu- 





tion of  time-to- discharge 
L problem. 
= 


and assume that Z is a constant independent of AP, and 
essentially a function of the size of the apparatus. Then, 


_ RIZ 
ae 
Substituting these analogies in the earlier equations, 


V 
Cir, +r) = mf (Z,+Z,) 


r 


P’t 
d P = Pe (- sett marc} 
“ oeP \ BV(Z, + Za) 
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Economy in Operation 


IN THE PANTHER HEAVY DUTY DRIVING HEAD 








BELT CLEANING 
SPIGOT SCRAPER 


MOUNTED MOTOR 
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DRIVE EITHER 
HAND 
SPLIT GEAR SNUB DRUM 
CASE 
The Panther is one of a range of heavy duty Send fer ow : 
i ivi y of our ‘Panther’ 
industrial type belt conveyor driving heads. Jeaflet quoting ref. BCE 28 


Expert attention has been given to economy of 
operation. Built-in hold-back is available if 
required. 
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Prilaiss Bost Conveyors utcliffe 
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SOLUTION Il 
by John Young, B.Sc. 

N a recent issue of British Chemical Engineering’ a 

problem was set which required a method of calculating 
the time to discharge a column under pressure through a 
very long pipe and packed tower to the atmosphere. The 
writer proposes a solution based upon original work by 
E. W. Geyer.” * The resistance to flow by the packed tower 
is assumed negligible. 

GEYER considers the discharge through a convergent- 
parallel nozzle, whereas in this application a valve would 
be used. A correct choice of values has to be made for the 
discharge coefficient of the nozzle (or valve) and of the 
exponent of the expression pv" = constant, which is the law 
of expansion of the gas in the container and is affected by 
its size and the extent to which it is insulated, etc. GEYER 
suggests values of n based upon a limited number of tests 
with relatively small vessels and for pressures up to about 
100 psig. For many engineering problems, however, an 
approximate solution is sufficient, and Geyer’s family of 
curves for solving his equations lie in a narrow range about 
n = 1.3, so little harm will follow the use of that value. 

If the problem were the discharge through a nozzle only, 
a speedy solution would be possible. To focus ideas, let 
the container have a capacity of 800cu. ft, a }-in.-bore 
throttle valve, and let the gas (air) initially be at a pressure 
of 200 psig. With the throttle open and a back pressure of 
24.7 psia, the weight discharged would be the maximum, 
2.16 Ib./sec. Expressing pressures in psia and remembering 
that the pressure at the outlet of the system will be 14.7 psia, 
a table of the following form may be made: 














TABLE I 
(1) (2) (3) (4) 
Back pressure Final pressure Discharge in Pressure re- 
downstream of in container lb.) sec. quired to force 
valve discharge 
through pipe 
and towers 
24.7 46.8 0.563 20* 
24.7 26 0.152 2° 
17* 22° 0.25* 17* 




















* Indicates values not calculated. 

By trial and error it will be possible to balance columns 
(1) and (4) when the pressure in the container is still approxi- 
mately 10 psig. The process may be repeated until the 
residual pressure in the system is low enough to be neglected; 
the calculation of the discharge time may be carried out 
by expressions given subsequently. It should perhaps be 
stated that if the pressures are balanced at one level their 
harmony on either side of that value may not be satisfactory. 
If, for example, the pipe were incapable of discharging the 
gas sulficiently fast it would slow up the operation as a 
whole. It is assumed here that the pipe would be of such 
a size that the let-down time would be determined by the 
volume of the container and by the size of the valve only. 

Consider gas flowing through a convergent parallel nozzle 
from an initial pressure px to a pressure p; just downstream 
of the nozzle exit. Let the pressure in the throat of the nozzle 
be po. It can be shown that the instantaneous mass rate of 








discharge 

_1_ 144p pol; (22 oN 
v= cul, 28 = —i ¥ {(22 : PH " @ 
W = CgAB \44p - (la) 


wine 2 = (28% [ (22)? — (22) 3]}* 


Differentiating (1) with respect to ¢ and equating to zero 





te 
shows that aw; is a maximum when Po -( 2 )s =—I — 
dt PH ¥+1 


0.528 = 
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Symbols Used 
A = cross-section of nozzle or valve, sq {t; 
B= constant in sub-critical range = 3.89—otherwise 
variable as Equation (la); 
C, = discharge coefficient —undimensional; 
c,, C. = specific heat of We of volume, CHU/Ib X °C; 
g = gravity constant 32.2 f& sec* 
K = critical pressure ratio = 0.528 for air; 
M = weight of air initially in container, Ib.; 
m = exponent in expression py" = constant; 
p# = jnitial pressure in the container, psia; 
pi = back pressure after the nozzle: 
Po = pressure in the throat of the nozzle: 
P.. P; = (see Fig. 1) values in sub-critical range: 
Ps, P, = (see Fig. 1) values in super-critical range (a): 
P.. DP, = (see Fig. 1) values in —— range (b); 
R = gas constant = 96.3 ft-lb. per Ib. per 0 
¢ = time in sec.; 
U = gas velocity in ft/sec.; 
V = volume of container, cu. ft: 
vy = specific volume of gas, cu. ft/Ib.; 
W = mass rate of flow in Ib./sec.; 
A = adiabatic expansion index = & = 1.414 for air: 
p = density in Ib./cu. ft; and 
T = temperature in , 











This is the critical pressure ratio. Expansion in the nozzle 
is so swift that it can be considered to be adiabatic; hence 
the adiabatic exponent (1.414 for air) is used to calculate 
the expansion. 

The discharge of gas through a nozzle depends upon the 
initial pressure only, so long as the down-stream pressure is 


< Kpu. That is so long as e < the critical pressure ratio K 
H 


(K = 0.528 for air) 


ce ns constant = 0.528 


PH 
Thus B (Equation (la) ) = constant = 3.89. 
For the sub-critical range Equation (la) reduces to W = 


3.89 CaA 12 /2 (Equation (2)). The region over which 


ae is > the critical pressure ratio is the super-critical range. 


The relationship of the several properties will be clear from 
Fig. | 

For me chosen value of po the corresponding value of 
Pa = Ee = 78 At the lower end of the sub-critical range ys will 
approach p, closely until finally p, = po and py = 





ne , 
ie while the pressure in the container is falling from px 


to Pr the discharge will be in accordance with Equation (1). 
The weight of gas, dWi, discharged in time dt 
= CAB 12,/* at ae 
If the volume of the container = V 
also dw; = — va(') = — Vadp 
whence CaAB 2/2 dt = — Vdp +.) 


Over the sub-critical range, B = 3.89, so Equation (3) 
when integrated becomes 
n—1 
ey =] 


2V 
610 @ 





~ (n—1) Ca X 3.89 & AW RT; 


T; is taken for the condition at pj. 
For expansion in the super-critical range B is no longer 


constant, but a function of ms , where py is the initial pressure 
H 


Geyer shows that in this stage 
PL 
mete 21> Pts (i) 
nCaA Pui" vy pL PL B P| 
P3 


in this stage (c g., Ps OF ——— 0. ot 
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During wartime, gas masks were issued 
for filtering out poisonous and harmful 
constituents from air in the event of a gas 
attack. Birlec adsorption dryers are used 
for removing water vapour from process 
gases employed in modern manufacturing 
techniques. For process protection in the 
metallurgical, chemical and _ electrical 
industries, dew-points below —40°C. are 
frequently required. Standard  Birlec 
dryers are available for such applications 
and specialised equipment can be built 
for obtaining dewpoints down to —100°C. 
Users of one or more of the gases listed 
alongside are invited to write to Birlec for 
a copy of Publication No. 82/4. 





ADSORPTION DRYERS 


DRY AIR -& GASES 





Dryer and Gas Plant Division of 
BIRLEC LIMITED 
An A.E.1. Company 
ERDINGTON 


BIRMINGHAM 24 
LONDON *« SHEFFIELD - GLASGOW 
NEWCASTLE-ON-TYNE * JOHANNESBURG 


SM/B 4957 
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For the solution of this expression GEYER has developed 
tables and curves which, graphically integrated, are rela- 
tively simple to use. 

Approximate equations, tested experimentally in the 
small vessels by GEYER, showed agreement between experi- 
ment and theory of the order of 2 to 2%. These equations 
are sufficiently accurate for most purposes. GEYER divides 
the super-critical range into two sections, 

(1) Range (a), during which the pressure falls in the range 


PL PL 
0.528 *° 0.95 
0.406 (ps—p,4)v 
Ka) = ; oy 
(1.315 + 0.578) Ca A py VV RT; 
Supposing the expansion started at pu = 214.7 psia and 
Tu = 288°K, 





-++ (5) 


a—l 
then To = Ty { Be ”" and similarly for 7; 
| Pal 
n= 1.05 for pn = 20 psig 
1.12 = 60 ,, 
1.26 = 100 ,, 


(2) Range (b), during which the pressure falls in the range 


PL 
0.95 °° PE 


0.92 V( ps—Pz¢) 
te) = = —— 
(1.02n +- 0.033) Ca A pg RT; 

The weight discharged per second may be calculated 

for the sub-critical range by substituting the appropriate 
values in (2). For the super-critical range the value of B 
must first be separately evaluated using (la). 
Example: (a) Suppose air at 200 psig and 15°C in a con- 
tainer of 800 cu.ft capacity, discharged through a }-in. 
valve (convergent-parallel nozzle) against a back pressure 
of 10 psig to a final pressure of 11.3 psig. 





Calculate discharge time: 
First express all pressures as absolute. 


a 
0.528 
46.8 psia. The sub-critical zone will therefore range from 
214.7 to 46.8 psia. 
Suppose n= 1.3 Ca = .975 
Equation (4) whence 
2 < 800 x 144 


(1.3—1) 0.975 x 3.89 x 0.4424/ 96.3 x 288 


In the subcritical zone = ~ 0.528 .&. pr = 
H 








{ (214.2)z8 1| = $30 8.83 mi 
46.8 | sec. (8. min.) 
Example: (b) Calculate the weight discharged per second 
when pu = 214.7 psia. 


0.442 /214.7 





Using (2) W=3.89 x 0.975 x —— == 2, 
sing (2) < 5 2 0896 16 Ib./sec. 
Taking density of air = 0.0765 Ib./cu. ft at 15°C (= »,) 
1 14.7 
y= 0.0765 x 147 = 0.896 cu. ft/Ib.). 


Example (c): Calculate the weight per second discharged 
when pu = 46.8 psia. 


Using (2) calculate v;: At the start Ty = 288°K at 





214.7 psia. 
46.8 ax i 
. = 2 1.3 = 2 2° , => ~—— 
_ 1 88 feo 02°K, whence y, 00765 
202. ‘14.7 
= X = = 2, ‘ " 
saa * 468 875 cu. ft/lb 








Fig. 1. Method of solving time-to- 
discharge problems. For the example 
the pressure falls from 214.7 to 26 
psia in 13.37 min. and from 12 to 1 
psia in 570 min. 






































w P= Pe 
s \ ‘526 
r4 Cc p= “ue 
. SUBCRITICAL 2 5 
a RANGE > 
Pl 6 L 
(a) (b) _ 
|_SUPERICRITICAL RANGE 
M 
o TIME — — 
¢ VOLUME ————_ == 
0.442 46.8 
= —— = 0.563 lb. \ 
= 3.89 x 0.975 x —— 12 7875 b./sec. 


Example: (d) Calculate the extra time for the pressure in 
the container to fall from 46.8 to 26 psia. 
This corresponds to stage (a) in the super-critical range. 


Applying (5), 
800 x 0.406 (46.8 — 26) x 144 


aiid (1.315 X 1.3 + 0.578) 0.975 x 0.442 x 26 / 96.3 « 7, 
We have already calculated 7; as T, above = 202°K 
800 x 0.406 x 20.8 x 144 
2.288 x 0.975 x 0.442 x 26 x 139.5 
(4.54 min.) 


Example: (e) Calculate the weight discharged per second 
when pu falls to 26 psia using (la) 


in x m2 x 1.4 (242) 2 — (242) 
abies 26) 


0.442 26 
= 0.97 —— xX 1.773 12 /— 
= 0.975 x 144 x x WE 
Calculate vp for 26 psia and the appropriate temperature 
To 





= 272 sec. 





_ba= 





= 26 rs FF _ 2 , 
Tp = 7 (% 1146 =176.5°K. 
1 176.5 14.7 
whence vp = do765 * Seg x cya = 4,53 cu. ft/Ib. 
0.442 26 
= 0975 x == x I ms, [26 35 = 0-152 Ib,/sec. 


Total time for the pressure to fall from 200 psig to 1.3 psig 
8.83 
4.54 
= 13,37 min. 





So far it has been assumed that no regulation of the 
flow of gas will be necessary other than to ensure that the 
let-down is made in a specified time. It will be noted that 
W varied from 0.152 to 2.16 lb./sec. If it were desired to 
discharge at a steady rate whatever the pressure in the 
container, it would be necessary to install a flow control 
valve, which, to operate efficiently, would require a fairly 
high pressure drop. At the end of the period of controlled 
discharge the pressure in the container could well be greater 
than the desired final pressure, and the operation could be 
finished in an uncontrolled manner by by-passing the control 


valve. 
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Compressed Air 
at work in 
Vauxhall’s Luton 
extension 


SEVEN ATLAS COPCO AR9 COMPRESSORS are in use at Vauxhall 
Motors’ Luton factory—trecently enlarged and modernised as part 
of a £36,000,000 expansion plan. These compressors supply air 
to the body fabrication shops, press shops and other departments, 
providing power for clutch movements; resetting presses ; mechan- 
ical handling; loading; welding; and mixing and spraying paint. 
In addition air is supplied for a number of pneumatic tools such 
as wrenches, grinders, drills and hoists. 


ECONOMIC INSTALLATION 

The AR9 compressors were installed at a cost below that estimated 
for other compressors of the same capacity. The reason being that 
the AR9 occupies 25 % less floor space than is normally required 
—with consequent economies in compressor house costs. 


HIGH OUTPUT 

The Atlas Copco AR9 combines thorough reliability of perform- 
ance with unusually high output per horsepower consumed. The 
installation at Vauxhall’s has a total output of 22,540 c.f.m. 


A COMPLETE RANGE OF COMPRESSED AIR EQUIPMENT 
Atlas Copco manufactures portable and stationary compressors, rock-drilling equipment, 
loaders, pneumatic tools and paint-spraying equipment. Sold and serviced by companies or 
agents in ninety countries throughout the world. 


Stlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to Atlas Copco AB, Stockholm 1, Sweden 
or Atlas Copco (Great Britain) Limited, Maylands Avenue, Hemel Hempstead, Herts. 
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Overcoming Pressure Problems 


Separation Under Pressure 

N some continuous processes it may be advantageous 
Re undertake most of the unit operations inside a closed 
system under pressure, because of reasons such as an 
unavoidable high pressure or temperature, viscosity limita- 
tions, or because of hazards such as explosion and toxicity. 
However, pressure operation can be particularly compli- 
cated where rotating parts are encountered, as with liquid 
contactors, rotary filters and centrifugal machines. Until 
recently, such pressurised equipment could not readily be 
included in a flowsheet, because no standard machines 
were available and most manufacturers were reluctant to 
pay for the considerable development work involved. 
Nevertheless, the demand for such equipment has increased 
and several makes of filters, contactors and centrifuges 
suitable for continuous operation up to pressures of 
several atmospheres have become available. 

A typical example was the development of a continuous- 
pressure centrifuge as a means of removing finely-divided 
catalyst from polymer solution in the Marlex polyethylene 
process operated by the Phillips company. Forty per cent 
of the catalyst is below 5 microns and the separation is 
made at 300°F under a pressure of Satm. In this case, 
the operation was first proved on a small disc-type centri- 
fuge and information was also gained concerning the 
major problem of shaft sealing. This study enabled the 
makers, Dorr-Oliver Inc., to build a full-size machine to 
meet the overflow specification of eight parts per million, 
of solids in the liquid stream, at feed rates of the order of 
150 gpm. The sealing problem was solved by using double 
mechanical seals separated from the bowl section of the 
machine, and shrouding the intervening length of shaft 
with a flexible enclosure made of steel cylinders jointed 
with Teflon “O” rings. This unorthodox shrouding and 
sealing gives the required freedom of movement and safety 
when operating at 2500rpm. Tests indicated that the 
vapour drag on the rotor at 5 atm. varied according to the 
fifth power of the rotor diameter. As machines are 
developed for greater capacities and pressures, this factor 
is likely to have a major influence on future designs. 


Continuous Pulp Digestion 

Of fundamental importance to the 31 million tons a year 
U.S. paper and board industry is the practical develop- 
ment of continuous digestion, which is claimed to offer 
substantial advantages over established batch cooking, as 
regards lower processing costs and more uniform quality. 
One type of continuous digester, made by Sprout Waldron 
Inc., combines two self-contained sections in one unit and 
each section comprises a separate upper and lower half. 
Previously-steamed wood chips enter the pressure zone of 
the digester via a rotary valve and are propelled to the 
other end of the machine and back again to the discharge 
valve by means of two superimposed perforated screw 
conveyors inside the digester shell. Cooking liquor is 
sprayed on the chips as they pass through the machine and 
is recycled to a heating and make-up unit. Among the 
advantages claimed are greatly reduced cooking times— 
about 15 minutes only for semi-chemical pulps and about 
40 minutes fer chemical pulps, as compared to several 
hours needed for batch cooking. Other features include a 
low liquor to wood ratio, reduced waste, more uniform 
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pulping, less space and the simultaneous production of two 
different pulps when required. This is possible because of 
the duplex design of the machine. 

The scope for continuous digestion is enormous, par- 
ticularly when a recent survey has indicated that the 
probable annual U.S. paper and board consumption will 
be double the current figure by 1970, i.e., will increase to 
60 million tons in ten years. It is also possible that certain 
other industries could profitably adopt a similar method 
of continuous-pressure digestion and extraction in place 
of established batch methods. Counter-current operation 
probably would give high efficiencies with these machines. 


A New Storage Approach 

One approach to gas storage problems is to reduce the 
temperature, which offers the simultaneous advantages 
of lowering the pressure and reducing the storage space 
required. In some cases, liquefaction also occurs, which 
can greatly aid handling and storage operations. The 
shipment of liquid methane from U.S.A. to Britain is a 
typical example. 

A large U.S. propane storage installation is in success- 
ful operation, based on the low-pressure principle. This is 
a 1,300,000-gall. liquid propane unit at Riverdale, Georgia. 
The storage vessel, 70 ft in diameter and 52 ft tall, has a 
steel weight of 100 tons and is said to be only one- 
twentieth of the weight of a high-grade steel pressure 
storage installation of equivalent capacity. Since the 
storage temperature is —46°F, special precautions had to 
be taken as regards insulation. Apart from evaporation 
losses, shrinkage, cracking and external moisture con- 
densation had to be combatted. A free-standing shell of 
“Foamglas” was built round the tank, leaving a 4-in. air 
space, while the tank base was made of the same material. 
Including the refrigeration system, the installed cost of 
about $500,000 was said to be only one-half of the cost 
of an equivalent high-pressure storage system and its success 
has led to the construction of two further units. 

The awesome problem of storing some 2000 tons of 
liquid chlorine at the Natrium plant of the Columbia 
Southern Chemical Corp. was also solved by using a 
low-pressure technique. In this case, the gas is refrigerated 
to its liquefaction temperature of —30°F at atmospheric 
pressure, before passing to a 45-ft 300,000-gall. capacity 
spherical storage container of special design. This con- 
tainer comprises an inner shell of 0.91 in. special carbon 
steel and an outer shell which bears the weight of the 
inner sphere and liquid contents, via a cushion of special 
glass insulation. The upper space between the shells is 
filed with loose insulation, through which dehumidified 
air is circulated. Much of the heat gained from the atmo- 
sphere is removed by the slow evaporation of the liquid 
chlorine, which is reliquefied in an external system. 
Several unique ancillary features are also to be found in 
this installation. Liquid chlorine is removed from storage 
by two long-shaft multi-stage centrifugal pumps equipped 
with air-fed stuffing boxes and bearings made of graphitised 
Teflon, The tank level is monitored by a radioactive 
detector, which is said to be accurate to 0.03in., and 
senses the different gamma-ray absorption properties of 
gaseous and liquid chlorine. Undoubtedly, this storage 
technique has a large future potential. 
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Wuen your tanks are lined with Ensecote, you can stop 
worrying about the condition of the contents. Ensecote pro- 
tective linings will protect almost anything you can put 
inside a tank, any size tank. They are without taste or odour, 
they are easy to clean, and sterilize—and they are economical 


to apply. Ensecote protective linings add years to a tank’s life. 


ENSECOTE Lithcote PLASTIC LININGS 


For literature and technical advice write to: NEWTON CHAMBERS & CO. LTD., THORNCLIFFE, NR, SHEFFIELD, ENGLAND 
Agents in Belgium, France and Holland: FOURS LECOC@ ET ATELIERS DE TRAZEGNIES REUNIS, S.A., TRAZEGNIES, BELGIUM 
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LAMINAR FLOW IN HORIZONTAL TUBES 


The nomogram is based upon the equation* 
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F100 where Nusm = Nusselt number based on the arithmetic mean _heat- 
‘ transfer coefficient; 
r Gz = FF Pe dw /4x: 
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y x = distance from entrance of tube; 
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organizations in the world. 
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Tehran Water 
Treatment Piant 


AMONG A NUMBER Of _ unusual 
features of the Tehran water-treatment 
plant and chemical plant section for 
the manufacture of caustic soda, ferric 
chloride, calcium hypochlorite and 
other chemicals is an automatically- 
controlled gravity-feed sand filter. 
There are a number of filters of this 
type which form part of an extensive 
water-treatment plant employing ferric 
chloride as a coagulant. 

The operation’ of the filter depends 
upon a flap valve at the inlet and the 
controlled discharge of siphons at the 
outlet, the arrangements for control- 
ling both elements being shown in the 
diagram. The feed to the filter is 
brought about by the opening of the 
flap valve, and in the event of an 
excessive rise in level of water above 
the point of entry, this valve will close 
and prevent further entry of water 
until the level has fallen. 

After backwashing the filter, siphon 
(A) operates as a weir and the slow- 
start feed pipe (D) fills the outlet 


Tips for 


THE VAPOUR STREAMS and liquid 
streams in distillation columns some- 
times cause “traffic problems”, when 
either the vapour-load or the liquid- 
load is too high. These troubles may 
be caused by wrong operating tem- 
peratures, pressures, reflux ratio, boil- 
ing rates or incorrect steam supply. 
Some of the causes of difficulties of 
this kind and how to prevent them are 
given below. 


Flooding 

Caused by too high liquid-load, 
sometimes accompanied by too high 
a vapour-load, when one or more of 
the distillation trays becomes com- 
pletely filled with liquid. The down- 
comer cannot cope with the quantity 
of liquid on the tray and the situation 
is made worse through the increase in 
the pressure on the tray beneath. The 
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WASH-WATER WEIR 





WASH-WATER 
CHANNEL 
E 


h = HEAD LOSS ACROSS CALIBRATED ORIFICE 


float chamber (C) which keeps the 
filter-siphon control (B) open for the 
admission of air to the siphon until 
the water level falls below the top of 
the feed pipe (D). The outlet float 
chamber (C) then drains and the con- 
trol valve closes. The rate of flow 
between the compartment (E), which 
receives the flow from the siphon 
filter (A) and the filtered water chan- 
nel (L), is then controlled by the 
head loss (h) across the calibrated 
orifice (F). Since the frictional losses 
in both the settled and filtered chan- 
nels are negligible, the flow between 
the filters is automatically balanced. 

If the level in the settled water 
channe! (K) rises, the float-operated 
valve (N) which admits air to the main 
siphon recloses, thereby causing the 


ONTROL POINT (R) 

















main siphon (M) to discharge at a 
great rate. In turn, the level in the 
treated water channel (L) falls and the 
level in the outlet float chamber (C) 
also falls as a result. The air bleed 
to the filter siphon is also interrupted, 
and through the action of valve (B) 
its discharge rate also increases. If a 
drop in level occurs in the settled water 
channel (K), a similar sequence takes 
place but, in addition, a second con- 
trol valve (P) operates on change in 
level in the filtered water channel 
compartment (L), with the result that 
the flow from the main siphon (M) 
is also reduced. To prevent the filter 
drawing down accidentally, air pipe 
(S) is set to break the filter siphon 
(A). 


From Paper No. 6328, The Institution of Civil 
Engineers, 1959, Tehran water supply 


Operating Distillation Columns 


liquid reaches the upper tray and the 
flooding spreads ‘over the entire 
column. 

The column must therefore be un- 
loaded before normal operating con- 
ditions can be restored. The feed, 
reflux or reboiling rates must be de- 
creased and if the temperature is con- 
tributing to the flooding conditions 
it, too, must be changed. We can look 
upon flooding as poor rectification 
where the top and bottom tempera- 
tures are changing continuously. 
Flooding on the top tray is called 
“puking”, caused by too much reflux, 
leading to the return of liquid through 
the vapour pipeline, a_ situation 
described as “pushing”. 


Dumping 
This trouble is caused when the 
liquid-load is too high or when the 





vapour-load is too low. The liquid 
does not pass—partly or wholly— 
through the down-comer, but passes 
through the bubble caps. The bubble 
caps then become “dry”, with the 
result. that the vapour can pass 
through the bubble caps without con- 
tacting the liquid phase, so that 
the rectification action is absent. 


Entrainment of Liquid 

Too high a vapour-load causes the 
rising vapour to entrain liquid drop- 
lets and to convey them from one tray 
to a higher tray. This latter tray is 
then contaminated with a “heavier 


fraction”. When this occurs on the 
top tray, the liquid drops enter the 
vapour pipeline. Prevention of entrain- 
ment is very difficult, and sometimes 
has to be accepted. Wire mesh de- 
misters can reduce this trouble. 
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The design and construction of dis- 
tillation trays is of great importance 
in avoiding the above difficulties, It 
is essential to select the proper tray 


DISTRIBUTION PROBLEMS are fre- 
quently encountered in industry and 
play an important role in determining 
product quality or efficiency of opera- 
tion. A distribution problem arose in 
connection with a process employing 
a solid/solid heat-transfer technique: 
hot sand at flow rates between 1000 
and 2000 Ib./hr had to be evenly 
distributed over the top surface of a 
14-in. diameter bed of coal briquettes. 
The sand was nominally —30 B.S.S. 
mesh, but often became contaminated 
with particles up to 4 in. diameter in 
the course of operation. 


Apparatus Used 

The apparatus used to obtain the 
required distribution is shown in the 
sketch. Sand from a feed bunker and 
metering orifice fell through a 14-in.- 
bore pipe (A) which was fitted with 
internal cross rods to give an initial 
scattering of the narrow stream to the 
distributor device (D). D comprised 
a 90-degree angle cone, of base dia- 
meter 3 in., fixed inside a special 
basket, the whole being suspended 


for the duty. There are many types of 
distillation tray; a desirable com- 
bination should possess high through- 
put, high efficiency, small pressure- 


Solids Distributor Device 


from a 14-in. B.S.P. socket screwed to 
the main feed pipe (A). The basket 
was made up of two rings (4-in. dia- 
meter rod) of upper and lower dia- 
meters 4 in. and 3 in. respectively, 
connected by metal strips 7; in. wide 
arranged as shown in the sketch. The 
rings had a vertical separation of 14 
in. and the top ring was suspended 
from the socket by four support strips 
at a distance of 1 in. The cone was 
supported centrally from the lower 
ring by means of welded metal flats 
so that its tip just entered the socket on 
the axis. 


Device Gives Good Distribution 
Good distribution is obtained with 
this device: the flowing solid is first 
scattered by the cross rods and then 
deflected by the cone and metal strips. 
Blockages are minimised by the wide 
separation of the deflecting surfaces. 
The number of strips used is satisfac- 
tory with the material handled (—30 
B.S.S. mesh sand at 700-800°C), but 
further improvement may be obtained 
by using a larger number of narrower 


Simple Separator for Particles 


WHEN SOLIDS ARE being transported 
pneumatically, an effective separating 
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stage is required for reclaiming the 
solid. Cyclone separators are used 
almost exclusively for this type of 
work, but for some experimental work 
carried out at the Coal Research 
Establishment of the National Coal 
Board it appeared that some form of 
gravity settling chamber with a baffle 
plate assembly would be more suit- 
able. Sand in the size range 30 B.S.S. 
mesh to 120 B.S.S. mesh was to be 
transported pneumatically in 3-in.-dia- 
meter and 6-in.-diameter vertical lift 
pipes at various velocities. The diagram 
shows the arrangement of separator 
which gave separating efficiencies of 
99-100% using nominal transport velo- 
cities in the lift pipe of 30-50 ft/sec., 
and sand /air ratios of above 1.5. Addi- 
tional system back pressure was neg- 
ligible. The lift pipe (A) entered 
cylindrical chamber (B) through the 
base. Simple disc baffle (C) of dia- 
meter equal to twice the lift pipe 
diameter was suspended two pipe 
diameters above it. The  sand-air 
stream impinged on the baffle and the 
sand fell back to the sloping base and 
ran out through pipe (D). Clean air 
left the system through pipe (E). 
W. H. NEwron 





drop, flexibility, freedom from foul- 
ing, low weight and, last but not least, 
be cheap in procurement and main- 
tenance. M. Stroop. 
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Annotated diagram of distributor. 


strips and additional orientations of 
them. Scaling-up the device to suit 
larger vessels should present little 
difficulty. 
J. S. HARRISON 
W. H. NEwTon 





Contributions 
invited 


THE EDITOR invites readers 
to submit, for possible publica- 
tion in “Process Engineer’s Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The contributions 
should be of about 250-500 
words, and be illustrated with a 
line diagram or sketch, or a 


preferably 


photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 


ing to his wishes. 
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LETTERS TO THE EDITOR 





Heat Exchangers for Pickle Liquor 


Dear Sir: 
We have noted with interest the article 


entitled “A Novel Application for 
Graphite Heat Exchangers” in the July 
issue of your technical publication. The 
application mentioned is extremely 
interesting and we must compliment the 
authors on the clarity and scope of their 
article. 

It is interesting to read that the first 
application of the Polybloc graphite heat 
exchanger for the heating of pickle liquor 
was made in 1953, and we feel it might 
be of interest to your readers to know 
that our company had, before that time, 


designed and installed graphite tubular 
heat exchangers working on pickle 
liquors. 


We have on many occasions utilised 
external acid heaters for heating pickling 
baths, the early design of the units com- 
prising basically a cylindrical tube of 
graphite contained in an external mild- 
steel shell. In a similar manner to the 
Polybloc heater system, acid is pumped 
and circulated through the graphite tube, 
heat transfer being effected from the ex- 
ternal steam shell across the graphite 
tube surface ‘to the pickle liquor. On 
these installations the pumps and asso- 
ciated pipework are usually manufac- 
tured in Keebush acid-resisting material. 
Because of the excellent heat-transfer 
properties of graphite combined with a 
high velocity of pickle liquor circulation 
in the heating tube the overall perfor- 
mance of the heaters is quite remarkable, 


taking into consideration their relatively 
small size. 


It is our practice to make up the 
heater units in series of large-bore 
graphite tubes into the form of a tube 
bundle, the bundle unit being retained in 
an external mild-steel shell. By a careful 
selection of liquor circulation velocities 
through the tubes they can be kept free 
from scale and sludge deposit build-ups. 
The désign of the tube bundle, however, 
does allow that the end covers from the 
heater can be removed readily, so that 
the heater surfaces can be cleaned 
speedily and effectively if this is ever 
required. 

We are enclosing a photograph of one 
of our latest designs of units which illus- 
trates the type of heater described. The 
particular photograph shows a _ heater 
9 ft long, 1 ft external diameter, which 
is used for heating a 50-ft-long strip 
pickle line tank maintaining the pickle 
liquor at a temperature of 70°C. This 
unit operates on a steam pressure of less 
than 25 psi and can bring up the tem- 
perature of the strip pickle tank from 
cold in about two hours. 


Yours faithfully, 
G. H. BLAcK, 

Joint Managing Director. 

Kestner Evaporator & Engineering Co. 
Ltd., 

5 Grosvenor Gardens, 
Westminster, 
London, S.W.1. 





Example of a Keebush/Keebon heat exchanger manufactured by Kestner 
Evaporator & Engineering Co. Ltd. for the treatment of pickle liquor. 
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Heat Exchanger Protection 
Dear Sir: 

Plumpton and Wilson in their dis- 
cussion on the cathodic protection of 
heat exchangers (see April, 1959, issue 
of British Chemical Engineering, p. 200) 
have raised many points which are at 
variance with accepted opinion and 
appear to be without any practical or 
scientific foundation. In their introduc- 
tion, they describe five methods of corro- 
sion mechanism which do not appear 
to be the most significant in heat- 
exchanger problems. In (a) they omit 
to mention that the metals should be 
electrically in contact; in (c) they talk 
of a voltage produced along the plane 
orthogonal to the stress, yet there 
appears to be an infinite number of 
planes orthogonal to a simple stress 
and it is difficult to make sense of this 
statement, even if one considers the 
simple case of a stressed wire. An illus- 
tration of this voltage and of the unique 
plane in which it occurs would be 
instructive. The sulphuric-acid-producing 
mechanism described in (d) appears 
novel and not to have been given the 
prominence that it would seem to 
deserve. The more normal bacterial 
mechanism encountered in corrosion is 
caused by the activity of the sulphate 
reducing bacteria, and as these are most 
active in anaerobic conditions they are 
of little significance in heat-exchanger 
problems. A form of corrosion not men- 
tioned in the paper is that created by 
differential aeration; sediment, quite fre- 
quently found in heat exchangers, can 
cause their rapid corrosion by this 
mechanism. 


In their discussion of cathodic pro- 
tection the authors describe two distinct 
methods, though their preamble to this 
suggests that they are only considering 
the impressed current method. In their 
mathematical analysis the authors seem 
to lose any practical significance that 
their work may have, and they are dis- 
cussing corrosion and cathodic protec- 
tion without any _ reference’ to 
polarisation, Which is probably the most 
important feature of them both. The 
proposition that the voltage is constant 
in the electrolyte over the surface of an 
electrode is not generally true and the 
rest of the first paragraph seems to be 
stating very simple truths in quite com- 
plex language; the authors are kind 


enough, however, to indicate where a 
simple interpretation can be found. 
The discussion on Re-entrant Angle 
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Performance of Polygrid in Counterfio Cooling Tower 


Polygrid—a new high-effici- 
ency non-corrosive plastic 
packing has been perfor- 
mance-proved in more than 
100 cooling tower installa- 
tions. It is used exclusively 
in Head Wrightson Fluor 
Counterflo towers. Head 
Wrightson Processes Ltd. 
will also install it in estab- 
lished mechanical or natural 
draught towers of all types 
and makes to increase their 
efficiency and performance. 
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COOLING ENGINEERS 


December, 1959 


Polygrid is a moulded unit of 
two inch squares. Units, 
staggered in layers, break 
hot water into droplets as it 
cascades through the tower. 
Available in high impact 
polystyrene for resistance to 
water, acids, salts and 
alkalis, and in high density 
polyethylene for cooling 
water contaminated by 
hydrocarbons. 
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LETTERS TO THE EDITOR continued 


Theorem reaches some fairly obvious 
conclusions, though the authors’ com- 
ments later in the paper on the con- 
sumption of impressed currént steel 
anodes show that they, at least, are 
not aware of these. 

The analysis on the mode of flow of 
corrosion currents completely ignores 
polarisation, and from its conclusions 
suggests that certain types of pin-hole 
attack would not occur. 

The general solution for a rectangular 
box is left in a state where the writer, 
possibly alone in this, is unable to see 
the significance of Equations (24) and 
(25) when considering a practical box. 
The proposition that the protection 
current measured at a corner is almost 
certainly the minimum is meaningless, 
as one would have to define the area of 
a corner—presumed to be infinitely small 
—and then devise a method of measur- 
ing this current, again infinitely small, 
without disturbing the corner. 

The part of the article on the engineer- 
ing problems seems to put the whole of 
the first part in perspective when it talks 
about protection current in one case 
being approximately half that required 
in another case; presuming that the 
knowledge on which designs are based 
is of this order of accuracy, the impor- 
tance of much of the previous mathe- 
matics is considerably reduced. The 
suggested universal criterion of a nega- 
tive change of metal potential by 
300 millivolts is very far from the truth 
and is only under certain conditions 
quoted as an acceptable criterion for 
steel. 

The use of ‘half-cells is not recom- 
mended by the authors, though one 
must feel their use in installations with 
the door open must require considerable 
ingenuity on the part of the engineer to 
prevent the end box emptying. 

The methods and techniques discussed 
towards the end of the paper are, on the 
whole, obsolete and there is little point 
in analysing them in detail. 

The loose phraseology, such as the 
use of “resistance” instead of “resistivity” 
and “current” in place of “current 
density”, makes the reader somewhat 
dubious over the merits of the more 
complex parts of the presentation. 

J. H. MorGAN 
Sturtevant Engineering Co. Ltd., 
Cannon Street, 
London, E.C.4. 


The Authors’ Reply 
Dear Sir: 

We find Mr. Morgan’s letter of interest 
and importance, despite the somewhat 
unkind and unscientific implications of 
his last paragraph. Our paper was in- 
tended as a relatively simple introduc- 
tion to an extensive research project 
likely to extend over a period of many 
years and it is clear from Mr. Morgan's 
comments that the whole subject is full 


694 





of misunderstandings and misinterpreta- 
tions. 

The one constructive criticism in Mr 
Morgan's letter, that concerning 
polarisation, which is known to spread 
protection, will be considered in con- 
siderable detail in later publications. At 
this stage we hope that such elementary 
concepts as those contained in our paper 
will induce other writers (Mr. Morgan 
included) to publish their views and help 
by their experience to establish the sub- 
ject of Cathodic Protection on a firm 
scientific basis. That this will be done 
is certain; it is to be hoped that the 
stimulus to such progress will come from 
the engineers and scientists in this country 
who work objectively and constructively. 

Yours faithfully, 
C. PLUMPTON 
C. WILSON 
C.J.B. House, 
Eastbourne Terrace, 
Paddington, 
London, W.2. 


Sieve Tray Design Queried 
Dear Sir: 

I would refer to the article by Dr. H. 
E. Eduljee on the “Design of Sieve-type 
Distillation Plates” in the June issue of 
your journal. This article seems to neg- 
lect completely the work carried out by 
Eld':* and by Lockhart and Leggett* on 
the development of a design relationship 
for the determination of sieve plate 
column diameters. 

I would be interested to learn why 
this is so, since the relationship follows 
quite closely the Souders Brown Eq. (2) 


—p,\t 
V=C (@ er) 
Py 


which has been in common use for the 
determination of bubble-plate column 
diameters for many years. 

The following equation developed by 
Eld and co-workers agrees very closely 
with practical tests 


Ve=Ce (am ey 
Py 
V. is the limiting experimental velocity 
through the vapour escape area and C- 
is a constant given by the following 
table: 

















TABLE | 
C- for Sieve Trays. Light Foaminess (General 
Duties) 
Tray *% perforation area on tray 
spacing 
(ins.) 
1 5 10 15 20 
Values of Ce in ft/sec. 
12 9.8 7.6 5.6 4.3 3.2 
18 14.7 11.4 8.4 6.4 48 
24 19.6 15.2 11.2 8.6 6.5 
30 24.5 19.0 14.0 10.7 8.0 
36 29.4 22.8 16.8 12.9 9.7 
REFERENCES 


* Eld, A. C. Pet. Ref., 1953, 32, No. 5, 157. 
* Lockhart, F. J., and Leggett, C. N. “‘Advances 
in Petroleum Chemistry and Refining’’, Vol. 1, 
Inter Science, 1958. 





* Perry, J. H. Chem. Eng. Handbook, third 
edition. 

* Jones, J. B., and Pyle, C. Chem. Eng. Prog., 
1956, 52, 503. 


* Eld, A. C. Oil and Gas J., 1954, No. 57, 182. 


Yours faithfully, 
T. MOLYNEUX 








“Peveril”, 

42 Irby Road, 
Heswall, 
Wirral. 


Mr. Eduljee’s Reply 
Dear Sir: 

I thank Mr. Molyneux for his com- 
ments. The omission of teferences to 
the paper of Lockhart and Leggett and 
Eld was due to the fact that the former 
reference was not available to me and 
the latter had no bearing on my method, 
although perhaps I should have men- 
tioned it to complete the bibliography. 
Incidentally, the use of the Brown- 
Souders type of equation in sieve-plate 
design has not gone entirely unmen- 
tioned in my paper; it is the method 
used by Huang and Hodson. 

The Brown-Souders method is based 
on estimating a vapour velocity which 
will just suspend a drop of liquid. The 
Eld method is based on equating the 
kinetic energy lost by the vapour as it 
emerges from the perforations to the 
potential energy gained by the liquid as 
it is lifted off the plate. In both methods 
all the unknown factors are bumped into 
“constants” which are obtained by 
applying the equations to columns 
which are considered to work “satis- 
factorily”. In both methods, “satisfac- 
tory” operation implies “minimum en- 
trainment”. 

My objection to both these methods is 
that they give too much prominence to 
entrainment; Colburn’ has shown that a 
reasonable amount of entrainment will 
have only a small effect on plate effi- 
ciency. In sieve-plates, there are two 
other factors of much greater impor- 
tance. The vapour must have a minimum 
velocity to prevent “weeping”; a con- 
siderable height of froth is formed, and 
the platespacing must be sufficient to 
clear this height. Neither of these two 
factors are taken into account in the 
Brown-Souders or Eld methods. 


My method is to (i) calculate the 
minimum vapour velocity to prevent 
“weeping” and take an operating velocity 
greater than this; (ii) calculate the 
froth height at operating velocity 
and take a plate spacing sufficient to 
clear the froth and also give less than 
a maximum specified entrainment. Once 
both these minimum conditions are fixed, 
further design can be carried out with an 
eye on other factors—e.g., cost. I feel 
that this is a more logical method of 
designing distillation plates. 


REFERENCE 
* Colburn, A. P., Ind. Eng. Chem., 1936, 28, 
526. 


Yours faithfully, 
H. E. EDuULJEE 
National Peroxide Ltd., 
Chemical. Works, 
Sewree Cross Road, 
Wadala, 
Bombay, 31. 
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So simple! 


So surely SIMPLIFIX 
the foolproof 
coupling! 


Simplifix couplings form a perfect joint 
on almost any kind of tubing including 
those with very thin walls. All that is 
required is tightening with a spanner — 
no special work is required on the tube and 
the anti-friction washer prevents the tube 
twisting when the nut is tightened. 
Simplifix couplings are suitable for all 
pipe line systems up to 2” o.d. In a wide 
range of interchangeable standard fittings. 
Non-standard fittings of all kinds can 

also be made to order. Write for further 
information and fully illustrated catalogue. 


SIMPLIFIX COUPLINGS LIMITED 
HARGRAVE ROAD * MAIDENHEAD 
BERKS - TEL: MAIDENHEAD 5100 
A member of the ALENCO Group 
of Companies 







SIMPLIFIX 
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Book Reviews 





Introduction to Chemical Engineering 
Thermodynamics 
by J. M. Smith and H. C. van Ness 
McGraw-Hill Book Co. Inc., New York, 1959, 
Second Edition, 490 pp., 68s. 

HEN the first edition of Smith’s 

“Introduction to Chemical Engineer- 
ing Thermodynamics” was published 
about ten years ago, it was welcomed by 
university teachers of chemical engineer- 
ing because it provided a basic course 
in the thermodynamic techniques which 
are so essential. This new edition differs 
only a little from the first. The introduc- 
tory chapters have been rewritten, the 
sections on flow processes and on the 
conversion of heat to work expanded, 
and a chapter on the thermodynamic 
analysis of flow processes added. 

The modern trend is emphasised by 
the brief discussion of gas turbines and 
rocket motors, both turbo-jets and ram- 
jets being briefly mentioned. In the 
chapter on the thermodynamic analysis 
of processes a number of comparisons 
of real and ideal cycles are made, but 
the reviewer feels that an opportunity 
has been lost as no mention is made of 
the Onsager theory and the thermo- 
dynamics of irreversible processes. One 
trend in teaching chemical engineering 
thermodynamics is to emphasise entropy 
gains for actual processes, such as heat 
transfer across a slab. 

However, the book as it stands should 
be very useful to those commencing a 
course at a technical college or studying 
for the Associate membership of the 
Institution of Chemical Engineers, whose 
requirements are adequately covered. 
Numerous worked examples are given in 
the text, and the problems at the end of 
the chapters have mostly been provided 
with answers (why not all?). 

W. Strauss 


Mass Transfer Between Phases 
by T. K. Sherwood 


Pennsylvannia State University, University 
Park, Pennsylvania, 1959. 
REFERENTIAL transfer of a sub- 


stance from one phase to another is 
the basis of many of the separation pro- 
cesses of importance in science and tech- 
nology. Separation processes for the 
recovery and purification of valuable 
substances include gas absorption, sol- 
vent extraction, crystallisation, adsorp- 
tion, rectification and drying. Mass 
transfer to a phase boundary is the rate 
process which frequently determines the 
capacity of the equipment employed in 
separation processes. It may also limit 
the rate of a chemical reaction, as when 
a reactant must diffuse to the active 
surface of a suspended or porous cata- 
lyst. An understanding of the mechanism 
of mass transfer is essential to the solu- 
tion of many problems of research and 
design in these fields. 

The five lectures in this volume com- 
prise the 33rd Annual Priestly Lectures. 
They deal with the modern concepts of 
the mechanism of mass transfer to a 
phase boundary and from one to a 
second phase. Molecular diffusion in 
gases and liquids is covered first, and 
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then the role of eddy diffusion in the 
transfer process. Transfer from a phase 
boundary to a turbulent stream is related 
to criteria of turbulence and to fluid fric- 
tion through the “analogies” which are 
presented in a generalised form. 

The several theories of mass transfer 
with simultaneous chemical reaction are 
outlined, and a new theory described for 
mass transfer to a turbulent fluid with 
a simultaneous, rapid, irreversible reac- 
tion. The modification of the theory 
based on the film model to all for 
multiple-ion diffusion is reviewed. The 
role of diffusion in catalysis is dis- 
cussed in connection with hydrogenation 
of liquids containing suspended catalyst 
particles as well as fixed beds of porous 
catalysts. In the latter case the slow 
diffusion of reactants into the small pores 
may require the use of quite small catalyst 
particles to attain fast reaction rates. 

Finally, the various possibilities of 
diffusion barriers at phase boundaries are 
reviewed together with some of the ex- 
perimental data as to the magnitude of 
such barriers. The five lectures deal only 
with the mechanism of the mass transfer 
process. The types of equipment em- 
ployed in laboratory and plant processes 
are not covered. 


Growth and Perfection of Crystals 
Proceedings of an International Conference on 
Crystal Growth, Cooperstown, New York, 1958. 
Edited by R. H. Doremus, B. W. Roberts and 
D. Turnbull. 

Chapman & Hall, London, 1959, 609 pp., £5. 
HIS report of a three-day discussion 
on various aspects of crystal growth 

has been published with commendable 

promptitude, so as to present a record of 
current research that is up to date. It 
contains such a wealth of information 
and speculation about various aspects of 
crystal growth that it is likely to prove 

a useful source book for some years to 

come. Nearly half the text is concerned 

with whisker growth of various crystals. 

Much work currently being carried out 

on whiskers stems from the observation 

that they can be prepared exceptionally 
free from crystal faults of various kinds. 

This confers high mechanical strength 

and other unusual properties. Such find- 

ings make whiskers of considerable 
scientific interest and potentially of tech- 
nical importance. Papers of varying 
length are included and there are excel- 
lent review articles with many beautiful 
photographs. In addition to the papers 
about whiskers, the second half of the 
symposium deals with more conventional 
aspects of crystal growth. A section on 

crystallisation in polymers (about 120 

pages) and interesting papers on such 

perennial problems as growth poisons 
and dendritic and step growth are note- 
worthy inclusions in this volume, 

In all, the conveners of this symposium 

organised what appears to have been a 

lively three days for the participants, 


and have produced a book on crystal 
growth which constitutes a very valuable 
addition to the scientific literature. 

A. R. UB8ELOHDE 











SHORTER NOTICES 

Bibliography on Gas Temperature 
Measurement, by E. McCoy. I.G. 
Information Series 68 (RD/CA). 
Printed and published by Industrial 
Group Headquarters, U.K. Atomic 
Energy Authority, 1959, H.M.S.O. 
Is 9d. 

The bibliography gives references to 
books, articles, unclassified reports and 
patents taken from Chemical Abstracts 
1951-6, Engineering Index 1950-7, Index 
Aeronauticus 1954-7, Industrial Arts 
Index 1954-8. Nuclear Science Abstracts 
1948-June 1958, Physics Abstracts 1951-8. 


Source Book of Industrial Solvents. 
Volume 3: Monohydric Alcohols, by 
Ibert Mellan. Chapman & Hall Ltd.. 
London, 1959, pp. 276,. 80s. 

The author is Director of Research at 
the Polychrome Corporation of New 
York. The volume gives for each solvent 
manufacturing methods, physical proper- 
ties, azeotropic mixtures, uses. A valuable 
introduction discusses the general charac- 
ter and chemistry of the alcohols as a 
whole; it is followed by a short treat- 
ment of nomenclature leading into the 
main text. The latter deals mainly with 
alcohols related to unsubstituted hydro- 
carbons but includes a few of the sub- 
stituted fluorinated alcohols. 


Statistical Review of the World Oil 
Industry, 1958 


British Petroleum Co. Ltd., London, 


THE REVIEW deals with research, pro- 
duction, consumption, supply and 
demand, refining, tankers and energy 
consumption. It is well illustrated with 
clear diagrams and includes a table of 
percentage yields of the main refinery 
products for the U.S.A., West Europe 
and other areas. This shows the heavy 
emphasis on gasolines in the U.S.A. and 
on fuel oil elsewhere. 


Institute of Seaweed Research. Annual 
Report for 1958 
Inveresk, Midlothian. 

THIS BOOKLET refers to the work of 
information and technical assistance ser- 
vices and gives notes on researches in 
algal chemistry, microbiology and other 
applications of seaweed chemicals. It 
also reports that the Irish seaweed in- 
dustry has shown signs of considerable 
expansion during the year. A new firm is 
making seaweed meal and has built a 
pilot-scale plant for the production of 
alginates. Other new ventures include a 
seaweed meal plant at Westport, and a 
new factory in Co. Clare has now started 
production, while three other organisa- 
tions are contemplating the production 
of seaweed meal, Production of seaweed 
meal in Scotland has been maintained 
and a new factory started production in 
April on the Island of Sanday, Orkney. 


Torry Research Station. Handling and 
Presentation of Fish. Annual Report, 
1958 

H.M.S.O. 2s. 6d., 1959. 

THIS REPORT includes sections describ- 
ing developments in drying, freezing and 
cold storage—dealing with both the 
engineering and biological aspects. 
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in connection with high pressure 


ERMETO HIGH PRESSURE COUPLINGS are specified by many 
leading manufacturers, because they are the most reliable 
fittings on the market for every high pressure installation. 
Our catalogue illustrating the full range of standard 
fittings will be sent to you on request. Non-standard 
fittings can also be made to suit your specification. 

Our technical experience is at your service. 


ERMETO BRITISH ERMETO CORPORATION LTD 





TELEPHONE: MAIDENHEAD 5100 A member of the ALENCO Group of Companies 
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Trading Bloc Bridge 

At the annual dinner of the Association 
of British Chemical Manufacturers, Mr. 
B. Hickson, chairman of the Association, 
stated that they were vitally interested in 
the European trade negotiations then 
being conducted at Stockholm. In the 
hope that a bridge could be rebuilt 
between the Common Market and the 
Outer Seven, the Association had given 
Her Majesty's Government their ap- 
proval to the suggestions for such a 
Stockholm Treaty which might mitigate 
the disastrous failure which occurred last 
December. They could not afford to allow 
the trading community of Western Europe 
to be split into two contentious and res- 
trictive blocs. 

In parallel with this, the Council and 
Exports Committee had given much at- 
tention and thought to stimulating the 
ideas of their members about the expan- 
sion of chemical exports. Whilst they were 
naturally proud of their record as the 
third largest exporting industry in the 
United Kingdom, they were not com- 
placent about it. One of the main func- 
tions of the industry was to supply 
chemicals to other trades, which, with the 
background of home-produced chemicals, 
are themselves exporters. It was not 
possible to assess these indirect exports, 
but they were by no means inconsider- 
able. 


Bio-Gas for India 

The Government of India is consider- 
ing a recommendation from a_ bio-gas 
delegation from Hungary that it should 
set up a permanent committee to tackle 
the question of production of organic 
fertilisers and bio-gas. The Hungarian 
delegation has recommended the setting 
up of a bio-gas plant at the National 
Sugar Institute, Kanpur (U.P.), to study 
the problem of bagasse fermentation. It 
has also recommended the setting up of 
farm bio-gas equipment as well as village 
bio-gas plants. Detailed data regarding 
these have been worked out by the 
delegation. On the basis of these plants 
proving satisfactory in operation, the 
delegation has recommended that the 
Government establish bio-gas and bio- 
fertiliser plants of medium and large 
sizes. Design institutes in Hungary would 
carry out the design work. It is likely that 
one or two pilot bio-gas plants will be set 
up in the near future. 


Rubber Plant for india 

It has been reported that a synthetic 
rubber plant with an initial capacity of 
20,000 tons a year is to be set up at 
Bareilly, in United Provinces, by Kila- 
chand Devchand, a Bombay firm, with 
the technical and financial assistance of 
Firestone Tyre & Rubber of America. 
The plant will produce G.R.S. rubber, 
lattices and other rubber products. Plans 
are in hand to expand the production 
figure to 30,000 tons a year. Two other 
plants are alsc being contemplated, one 
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for styrene monomer with a capacity of 
9000 tons a year and the other for buta- 
diene, with a capacity of some 23,000 tons 
a year, The main plant is expected to be in 
operation by the middle of 1962. 


Pharmaceutical Exports Up 

In the first eight months of the year, 
pharmaceutical exports reached a record 
of £26.7 million compared with £25.2 
million in the corresponding period in 
1958, announced Mr. E. D. Carey, presi- 
dent of the Association of British Pharma- 
ceutical Industry, at the Association's 
autumn conference held recently at East- 
bourne. On this basis, Mr. Carey esti- 
mated that annual pharmaceutical exports 
would reach a total of £40 million for the 
first time. 


New Boron Plant 


first large-scale HiCal boron plant 
ir «me U.S.A. was recently opened at 
Niushogee, Oklahoma. The _ Callery 
Chemical Co. built and will operate the 
$38-million plant for the U.S. Navy. 
When tonnage quantities of HiCal are 
produced at the plant next year, the 
liquid fuel will be used extensively in 
tests on various types of propulsion 
systems, such as turbo-jets and ram-jets. 
The U.S. Navy expects these tests to 
determine the most practical and produc- 
tive applications for the new fuel. 

The plant occupies 300 acres of a 
1300-acre site, leaving the balance for 
future expansion. In addition to four 
processing units, the plant includes: an 
administration building, warehouse, shop, 
entrance building, laboratory, cafeteria, 
garage and miscellaneous service build- 
ings. All liquid waste from the plant's 
processing units is pumped into a huge 
storage lake where it is treated before 
being discharged into the Arkansas River. 
The plant will employ approximately 500 
people. 


West German Plastics 


West German plastics production in 
1958 approximated 643,000 tons, an in- 
crease of 15% on the 1957 figure. The 
first six months of 1959 have seen a 
further production output rise of 25%. 
The total production figure for 1959 is 
expected to reach 800,000 tons, or a 
doubled production output as against that 
of 1955. Among the chemical industries, 
the production of plastics amounts to 
12% of the total production turnover in 
the German Federal Republic. In 1958 
the export share of West Germany’s plas- 
tics production output accounted for 
about one-quarter of total plastics pro- 
duction in the country, and in the first 
six months of 1959 plastics exports again 
rose by a further 26% to a value of 
DM322.5 million. Imports, however, have 
grown considerably over recent years and 
reached a new high level during the first 
half of 1959, when plastics to the value of 
some DM102 million were imported. 


Rumanian Chemical Industry 


During the next three years approxi- 
mately eight new works and factories will 
come into operation, which will increase 
the production capacity of the Rumanian 
chemical industry by over 75%. Particu- 
lar attention will be given to the produc- 
tion of chemical fertilisers and the 
development of a large petrochemicals 
industry. In the field of phosphorous fer- 
tilisers, present plans call for an increase 
in production to 210,000 tons a year, the 
entire production being granulated. 
Nitrate fertilisers are expected to increase 
in tonnage produced as the large stocks 
of methane gas are exploited. Crude oil 
and salt reserves of the Trotus Valley will 
be processed into oil and petrochemical 
products by the Borzesti Combine. This 
combine will produce synthetic rubber, 
phenol, acetone and chlorinised petro- 
chemical products. The works of the 
Borzesti Combine have a total capacity of 
50,000 tons. 


Whitegate Oil Refinery 

On September 22, Mr Séan Lemass, 
Prime Minister of the Government of the 
Irish Republic, officially opened the Irish 
Refining Co.’s new oil refinery at White- 
gate, 23 miles from Cork. The refinery, 
with a capacity for handling up to 2 
million tons of crude oil a year, was 
built by the Lummus Co. Ltd., of Lon- 
don, at a cost of £12 million, and it has 
the distinction of being the first entirely 
air-cooled refinery in Europe. Although 
1350 acres of land have been purchased 
by the company, no more than 120 acres 
have been developed to contain the 
refining plant, the administrative build- 
ings and a store of 5000 sq. yd, where 
spares for all parts of the processing plant 
will be stocked. When in full production 
with an operating staff of 300, Whitegate 
refinery will supply nearly all of Eire’s 
refined oil requirements; these include 
motor spirit, aviation jet fuel, vaporising 
oil, diesel and industrial fuels and liquid 
petroleum gases. John Thompson Ltd., 
of Wolverhampton, supplied the steam- 
raising plant for the new refinery, their 
part of the contract being worth approxi- 
mately £100,000. 


A section of the new oil refinery at Whitegate, County 
Cork, opened by the Irish Refining Company. At the 
right of the picture (behind the two 100 ft. high John 
Thompson self-supporting chimneys) three John Thomp- 
son water tube package boilers are shown. Feeding the 
three boilers is feedwater treatment plant designed, made 
and installed by John Thompson-Kennicott Company, of 
Wolverhampton. 
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DUCT 7, PIPEWORK 


Every installation by Wards, large or small, 







intricate or straightforward, is the result 
of careful planning by experts. The final 
system, for steam, air, or water, is the 
best and the most economic solution to 


whatever pipework problem is presented. 


THOS. W. WARD LTD 


INDUSTRIAL PLANT DEPARTMENT 
ALBION WORKS - SHEFFIELD - PHONE 26311 (EXT. 212) 


LONDON OFFICE BRETTENHAM HOUSE « STRAND *: W.C.2° PHONE * TEMPLE BAR 1515 
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Chemical Plant Inspection Periscope 

The interiors of vessels may be readily 
inspected by means of a recently developed 
inspection periscope, especially when the 
vessels are provided with only small open- 
ings. The instrument comprises a 1j-in.- 
dia. brass tube into which is fitted the 
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\ heal. 





optical system. By means of a scanning 
prism, the direction of view can be altered 
from forwards to backwards in relation 
to the axis of the periscope. The field of 
vision provided in any position is a cone 
of 35 degrees, that is, a circle of 8 in. 
dia. in a plane 18in. distant from the 
viewing prism fitted at the lower end of 
the instrument. The length of the peri- 
scope is just over 30 in. and a variety of 
types and lamps can be provided for 
illuminating the space to be viewed. For 
a complete survey of the interior of a 
vessel it is only necessary to rotate and 
tilt the instrument in the inspection open- 
ing. If required special flameproof means 
of illumination can be provided. P. W. 
Allen & Co., 253 Liverpool Road, London, 
N.1. 

BCE 6594 for further information 


Explosion Warning Device 

This instrument gives warning of the 
presence of explosive gases before their 
concentration reaches 40° of the lower 
explosive limit. The detecting element 
consists primarily of a catalytic unit 
whose electrical resistance changes ac- 
cording to the concentration of inflam- 
mable gas. A rise in concentration above 
the level indicated causes an acoustic 
and/or optical alarm to be given. The 
vapour concentration at which the alarm 
is given can be adjusted to suit the 
demand of the installation. A number of 
these detectors may be distributed over a 
plant and arranged to send their signals to 
a central panel situated in a vapour-free 
location. The control panel may be situated 
as far as half a mile from a detector. If 
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necessary, the signals can be transmitted 
by a telephone system over an unlimited 
distance to engineers’ homes, fire stations, 
etc. The power supply is normally taken 
from the mains supply from a point near 
to the central panel, but to guard against 
panel failure a standby battery is pro- 
vided which will energise the system for 
approximately five hours. The batteries 
are charged continuously from_ the 
mains. Salen & Wicander Aktiebolag, 
Stockholm 14, Sweden. 

BCE 6595 for further information 


Electrostatic Separator 

Two main handicaps have hindered the 
wider use of electrostatic separators 
despite their advantages over other types 
of separator—low capacity and low 
efficiency of separation. Sturtevant are 
now able to supply a design of electro- 
static separator which is entirely free 
from these shortcomings, and which has 
been tested extensively on a wide range 
of materials. These include such widely 
differing materials as minerals on the one 
hand, and reclaimed rubber on the other. 

The principle of the new separator is 
as follows. The materials to be treated 
are fed on to a rotating earthed roller, 
which turns quickly enough to impart a 
trajectory to the particles. Fixed in a posi- 
tion near the roller is a discharge 
electrode, which is connected to a uni- 
directional 20,000-50,000 volt supply. This 
electrode charges the particles of the feed 
as they pass over the roller; the particles 
of low conductivity will retain their charge 
longer than those of high conductivity. 
As a result the less conductive particles 
will adhere to the roller longer until they 
are removed by a special cleaner. The 
high conductivity particles, on the other 
hand, quickly lose their charges and are 
thrown off the roller with a velocity deter- 
mined by its speed of rotation. By means 
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of adjustable guides the separated frac- 
tions can be fed to their respective dis- 
charge chutes. 

This new type of separator, the “O.H.”, 
has both very high capacity and great 
sensitivity; it is available in three standard 
units, the largest having an output of 
10,000 Ib./hr for some materials. In addi- 
tion, a laboratory model can also be 
supplied. Sturtevant Engineering Co. Ltd., 
Southern House, Cannon Street, London, 
E.C.2. 

BCE 6596 for further information 


Miniature Edgewise Meters 
A great deal of instrument panel space 
can be saved by the use of miniature 
instruments of the kind illustrated in the 
accompanying photograph. 
On account of their compactness, these 
small instruments can be mounted 





very close together and without inter- 
ference one with another. This is made 
possible through the centre pole design 
feature which provides inherent magnetic 
shielding. A model may be supplied as a 
voltmeter, milliameter or micro- 
ammeter and may therefore be used for 
measuring a variety of process variables. 
It is available with right-hand or left-hand 
zero, displaced or centre zero pointer 
position and it can be mounted either 
horizontally or vertically. The transparent 
case allows the maximum amount of light 
to fall upon the scale, thereby ensuring a 
shadowless reading. Taylor Electrical 
Instruments Ltd., Montrose Avenue, 
Slough. 

BCE 6597 for further information 


Steam Control Stop Valve 

A new control stop valve for use in 
steam lines is being introduced by Sir 
W. H. Bailey & Co. Ltd. Known as the 
“Bi-Seat”, it is designed for controlling 
a flow of steam at working pressures of 
up to 300 psi and temperatures as high 
as 500°F, particularly where frequent use 
is expected. 

On initial opening, the main valve is 
raised approximately 7s in. clear of its 
flat seat, but the orifice remains sealed by 
a special spring-loaded parabolic plug. 
As the unit is opened more fully, the 
plug is gradually withdrawn from the 
orifice to provide a streamlined annulus 
for the passage of steam. This design 
virtually eliminates the trapping of 
foreign matter on the main valve seat, 
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Separational problems on your mind? Call SHARPLES 


HATEVER your separational problem may be, Sharples experts are always ready to 
Ww investigate and advise. Only Sharples with their complete range can give an unbiased 
recommendation. The following are some of the centrifuges in the Sharples range:— 
SHARPLES SUPER-D-HYDRATOR for crystal separation. 
SHARPLES SUPER-D-CANTER for crystal and sludge separation and for classification. @ 
SHARPLES NOZLJECTOR for two or three phase separation and for classification. SHARPLES 
SHARPLES CONTESSOR for crystal separation. 
SHARPLES TUBULAR BOWL SUPER-CENTRIFUGE for two or three phase separation and 
for classification. 


Please let us have detaiis of your separation or classification problem— 
we shall be pleased to submit our unbiased recommendations. 


SHARPLES CENTRIFUGES LTD - TOWER WORKS - DOMAN ROAD - CAMBERLEY - SURREY. 7¢e/: CAMBERLEY 2601 
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control 
allows steam 
to be admitted slowly to a cold system 


and the fine degree of 
minimum flow to full bore 


and thus prevents wire drawing. The 
same high degree of protection is afforded 
to the seat when the control valve is 
being closed, because the steam is shut 
off by the parabolic plug before the main 
valve comes into close contact with it. 
All working parts are made of “K 
Monel” and stainless steel to ensure a 
long and trouble-free life. Sir W. H. 
Bailey & Co. Ltd., Albion Works, Patri- 
croft, Manchester. 

BCE 6598 for further information 


High Vacuum Pump for Sterilisers 

The use of a high vacuum pump to 
exhaust the residual air from a steriliser 
enables the steam to penetrate rapidly 
and effectively even the most densely or 
badly packed material to be sterilised. 
As a result, there is substantial reduction 
in the steam soaking time and greater 
output. 






ARRANGEMENT 
FOR AUTOMATIC 
OPERATION 


such air 


pump for 
is the new Pulsometer steri- 


A satisfactory 
evacuation 
liser high vacuum pump which can 
achieve rapid evacuation up to 99% and 
produce an absolute vacuum of 5mm 
within a few minutes. It can also be used 
to dry the contents of the steriliser by 
vacuum evaporation, thereby avoiding 
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the passing of unsterile air through the 
vessel. 

The new pump, available in a range 
of sizes, is of the slow-speed rotary oil- 
immersed type fitted with automatic air 
injection scavenging in order to prevent 
water emulsification of the lubricating 
oil. Since no vacuum condenser is neces- 
sary, installation is a simple matter. The 
Pulsometer Engineering Co. Ltd., Nine 
Elms Iron Works, Reading, Berks. 

BCE 6599 for further information 


Automatic Weighing 

Elcontrol have recently developed an 
automatic weighing control equipment 
which is intended for heavy industrial 
use; typical applications include maxi- 
mum weight control on mineral hoists, 
where the loaded skip weight is checked; 
control of sand in batching hoppers in 
foundry work; checking of weight of 
liquids in storage tanks, and control of 
load on lengths of conveyor. The equip- 
ment consists of one, two or three load 
cells on which the load—e.g. hopper, 
conveyor section, truck or loading plat- 
form—is supported. The load may also 
be suspended. 

The cells are connected to a remote 
relay unit which integrates the output 
from the cells. The integrated output cur- 
rent is monitored and when it reaches a 
value corresponding to the selected 
operating weight, the relay in the control 
unit actuates the control mechanism, 
e.g.. conveyor motor, chute gate, auto- 
matic valve, diversion plough, etc. The 
equipment is suitable for the range of 
weights normally covered by standard 
load cells, from 50 Ib up to 1000 tons or 
more, and is provided with operating 
adjustment over any desired range of 
weights. It gives repetitive accuracy of 
better than 1°. Elcontrol Ltd., Wilbury 
Way, Hitchin, Herts. 

BCE 6600 for further information 


Gyratory Separator for Wastes 


An efficient machine with a_ large 
variety of applications in_ industrial 
straining processes has recently been 


adapted with great success to the prob- 
lem of the extraction of solid matter 
from waste water. This unit can strain out 
solids suspended in a liquid or viscous 
medium at very rapid throughput rates. 
The effluent is fed to the screen of the 
separator through a specially designed 
nozzle which gives it a form of turbu- 
lence. The screen, which gyrates, vibrates 
so that each point upon its _ surface 
describes a minute circle in a horizontal 
plane at a rate of about 1500 gyrations 
per minute. 

This motion prevents clogging or blind- 
ing of the mesh and causes the solid 
matter to be held in suspension while 
the liquid is being forced through. 
Throughputs as high as 15,000 gph can 
be obtained. 


The Russell Separator Mk. III, as the 








machine is designated, has a mesh area 
of only 7 sq. ft. The mesh, which can be 
as fine as 40,000 apertures per sq. in., is 
mounted in a frame which is rapidly 
detachable for remeshing purposes. A }- 
hp totally-enclosed electric motor of 
watertight construction operating at 
1450 rpm connected to an unbalanced fly- 
wheel provides the gyratory motion. 
The machine in use allows water to be 
recirculated through the plant, in some 
cases almost indefinitely. Russell Con- 
structions Ltd., 9 Adam Street, London, 
W.C.2. 

BCE 6601 for further information 


Monitoring Amplifier 

The need for a low-level measuring 
unit capabe of amplifying the output 
from thermocouple or from other low- 
level outputs appears to be amply satis- 
fied by the recently introduced Murphy 
trip amplifier. The important features of 
this amplifier, which has wide applica- 
tions in reactor instrumentation and in 
other automatic process control fields. 
include a trip margin indicator which 
shows the amount by which the pre-set 
level exceeds the input level (this reading 
is available on either of two scales with 
a 10:1 sensitivity ratio selected by 
means of a switch on the front panel of 
the instrument); a red trip indication 
lamp, and trip relay contacts which 
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The earliest chemical industry 


anticipating the present-day use of alum in the sizing of paper. 


PETER SPENCE & SONS LTD., WIDNES, LANCS. 
Also at London, Bristol and Glasgow. 
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BCE 6546 for further information 


Naturally occurring alum has been used by mankind for over 4,000 years. 

The ancient Egyptians used alum for fixing dyes or mordanting, but this was 
only the first of many applications. Later it found use in medicines, in tanning, 
and in the treatment of parchment. Eventually it was'realised that such 


treatment of parchment facilitated the application of ink and pigment, 






PLANT EQUIPMENT MEWS 





operate when the input reaches a pre-set 
trip level; a front panel jack into which 
a voltage may be injected to enable the 
calibration to be checked and provision 
for an external trip margin meter con- 
nection to permit remote reading. 

If the unit is to be used for tempera- 
ture-measuring applications, automatic 
cold junction compensation is provided. 
Moreover, the instrument will fail to 
safe. Five units can be placed side by 
side in a frame for mounting in a stan- 
dard 19-in. rack, the size of each being 
8} in. X 34 in. X 13 in. deep. Murphy 
Radio Ltd (Electronics Division), Wel- 
wyn Garden City, Herts. 

BCE 6602 for further information 


New Range of Lubricated Plug Valves 
A range of valves with a number of 
commendable features has been recently 
marketed by the Triangle Valve Co. 
Thus when the lubricant is being fed to 
the plug the pressure build-up in the 
lower chamber of the valve forces the 
plug upwards away from its seating and 
against the resilient gland packing. This 
jacking action ensures an adequate 
supply of lubricant to the rotating faces 
of the plug and makes for easy rotation 
after prolonged periods of inactivity. 





The lubricating grooves are arranged 
so that lubricant is not washed away 
during use and seating pressure is pro- 
vided by a downwards thrust originating 
from the resilient gland packing. 

Finally, a grease nipple is provided on 
the outside wall of the stuffing box for 
lubrication of the rotating stem. Grease 
introduced via this nipple also assists 
to maintain the gland seal. 

These valves can be supplied in cast 
steel and cast iron and the size range in 
both cases is from 1} in. to 6 in. The 
former have A.S.A. Class 150 flanged 
ends, whereas the latter have flanges 
Class 125. The Triangle Valve Co., 315 
Regent Street, London, W.1. 

BCE 6603 for further information 
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Cutting Mill for Thermoplastics 

At the recent Plastics Exhibition a 
disintegrating machine for thermoplastic 
material was shown employing a novel 
screen arrangement capable of giving 
uniform granulation with minimum heat 
generation. The solid cutting rotor is 
designed to have a considerable flywheel 
effect and carries three cutters arranged 
at a favourable cutting angle. The cutters 
are made of a special wear-resistant steel. 
Two stationary cutters are adjustably 
mounted in the grinding chamber. The 
cutting rotor is mounted direct on a 
strong motor shaft which is mounted in 
amply dimensioned anti-friction bearings. 
This machine, known as the Dreher Cut- 
ting Mill (Germ. Fed. Pat.), is designed 
for granulating thermoplastic materials 
such as polyethylene, polystyrene, soft 
P.V.C., hard P.V.C., polyamide, cellulose 
acetate. Throughput, subject to type of 
plastic and size of grain, is about 45- 
90 lb./hr and feed aperture at the drop 
curtain 120 X 135mm. Heinrich Dreher, 

Maschinenbau, Aachen. 
BCE 6604 for further information 


Canned Rotor Centrifugal Pump 

A small centrifugal pump, specially 
constructed for applications in the 
chemical industry where absolutely no 
gland leakage can be tolerated, has been 
added to the Sigmund range of pumps. 
This new model has an output up to 
8 gpm, and heads up to 60ft can be 
attained. By virtue of its compact design, 
it is of stainless-steel construction and 
every effort has been made _ to 





ensure ease of installation and main- 
tenance. In the standard design the 
totally enclosed stator is suitable for 
pumping temperatures up to 127°C, but 
special windings can be supplied to 
permit pumping temperatures of up to 
205°C. Maximum positive suction pres- 
sure is 200 psi and a special design is 
obtainable which allows a pressure of 
2000 psi to be used. By virtue of the 
mechanical design, it has been possible 
to eliminate thrust bearings and, as a 
result, the rotating parts will give long 
service. A useful practical feature is the 
ease with which the rotating element can 
be withdrawn from the pump without 
disturbing the pipeline connections. Sig- 
mund Pumps Ltd., Team Valley, Gates- 
head. 

BCE 6605 for further information 





Multi-cellular Dust Collector 


Mancuna Engineering have recently 
introduced an improved design of multi- 
cellular dust collector, which, compared 
with an earlier design produced by the 
same company, has a higher throughput 
and yet maintains the same high efficiency 
(see accompanying graph) of the earlier 
model. The cyclone elements of the multi- 
cellular collector can be supplied in a 
variety of materials of construction, in- 
cluding aluminium alloys, unannealed 





malleable white iron for very abrasive 
dusts, and stainless steel when the corro- 
sive gases are present. A notable feature 
of the design is the location of the cyclone 
tubes in the cleaned air stream which 
ensures that the tubes are maintained at 
the system temperature and_ thereby 
eliminates the possibility of condensation 
upon the cyclone elements. Mancuna 
Engineering Ltd., Denton, Manchester. 
BCE 6606 for further information 
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Liquid assets in the shape of edible juices and industrial 
fluids, chemical solutions, oils and spirits, are too valuable 
to be wasted. They need the Stellar Filter to safeguard them, 
to render liquid loss almost negligible whilst clarifying and 
purifying. Designed to operate with supreme efficiency, the 
Stellar Filter has an unchokeable filter bed and is perfectly 
simple to control. It is remarkably economical, too, for it 
can be cleaned without dismantling or loss of liquid, and 
occupies very little ground area. 

Tell us your problem and we'll gladly advise you how and why the 
Stellar Filter will take good care of your liquid assets. 


SR aa 








THE PATERSON ENGINEERING CO. LTD., 





with the 


STELLAR FILTER 


...another Paterson design for purity 





129 KINGSWAY, LONDON, W.C.2. 
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The principle of a new method for 
reclaiming precious metals from dross is 
the separation of the waste material from 
the metal by attrition. For the purpose, 
a specially designed mill is used, one of 


its essential features being a hard steel 
inner cylinder. This has long slotted 
apertures which allow the dross and 


other waste matter to pass through after 
being separated from the metal by the 
action of the steel balls. The ground 
dross containing some fine metal particles 
falls on to a check sieve and then on to 
a bolting sieve fitted at the outer peri- 
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phery of the mill. This sieve retains the 
finer metal particles and allows the dross 
to be discharged to the bottom of the 
dust casing, from which it can be col- 
lected in bags or other receptacles. The 
mill is hand-fed, but the metal is readily 
recovered after treatment of the charge 
by reversing the direction of rotation of 
the mill. This causes the metal to be 
discharged through the outlet trunnion 
of the machine to a suitable container. 
Edgar Allen & Co. Ltd., Imperial Steel 
Works, Sheffield, 9. 

BCE 6607 for further information 





Rotary Oscillating Torque Actuator 
A compact unit for producing recipro- 
cating rotary power by hydraulic means 
is now being offered in the U.K. by 
Keelavite Hydraulics. These units 
originated from the Ex-Cell-O Corp. of 
the U.S. The range available provides 
torque ratings from 150in./Ib. to 
92,000 in./Ib. at 1000 psi. These units have 
many potential applications in the pro- 
cessing industries, such as the opening of 
vessels with heavy hinged lids, etc. 
Eventually a wider range of Keelavite 
Rotac units, as they are to be called, will 
be manufactured in this country, but to 
meet customers’ special requirements, 
units not within the present range may 
be imported from the U.S.A. Keelavite 
Hydraulics Ltd., Allesley, Warwickshire. 





BCE 6608 for further information 


High-density Polythene Powder 
A table of properties has been issued 
by the makers of Telcothene powder for 
dip-coating made from Ziegler-type high- 
density polythene. This material has 
advantages deriving from the greater 
mechanical strength and rigidity of high- 
density polythene, though it also has 
certain limitations where the appearance 
of the coating is of prime importance. 
The softening point of the high-density 
product is about 20°C higher than that 
of “conventional” polythene and coatings 
may be kept in contact with boiling 
water for short periods, though the long- 
term working temperature should not 
exceed 80°C. Alternating contact with 
hot and cold water over a long period 
should be avoided. The superior physical 
properties of Telcothene H.D. recom- 
mend it especially for applications in the 
industrial field, where coatings capable 
of withstanding hard use and rough 
handling are called for, as, for example, 
hand-rails, control wheels and containers 
for transporting chemicals. A coherent 
coating is obtainable at temperatures as 
low as 160°C, while articles may be 
dipped at temperatures of the order of 
350°C without scorching the powder. 
The Telegraph Construction & Main- 
tenance Co. Ltd., Theobalds Road, Lon- 
don, W.C.1. 
BCE 6609 for further information 


Scottish Firm to Make Flexitrays 

A greater operating range compared 
with bubble-cap trays, lower pressure drop 
and greater throughput—capacities as 
high as those of well-designed sieve trays 
are frequently obtained—characterise the 





Flexitray. In this type of tray the bubble- 
cap is replaced by a vapour liquid con- 
tacting cap resembling a non-return valve 


of limited movement. Normally two 
weights of cap are used on a tray, alter- 
nating in rows parallel to the outlet weir. 
This arrangement provides good vapour 
distribution at low vapour rates, even 
should the installation be out of level: 
the lighter caps open during the first 
20-30% of tray capacity and the heavier 
caps come into operation when the load- 
ing reaches 50-70% of the capacity. At 
still higher rates all the caps are fully 
open and are thrust up against the retain- 
ing spiders. 

Another feature of the tray conducive 
to uniform vapour distribution is absence 
of a measurable hydraulic gradient, and 
since the vapour issues from a cap open- 
ing with a high horizontal velocity below 
the liquid level on the tray, entrainment 
is low and mixing good. 

The mechanical design is such that it 





is possible to replace the bubble-cap tray 
of an existing column by Flexitrays; the 
lower pressure drop allows the existing 
downcomers to be used and to handle 
the greater liquid throughput. At one 
refinery of the Standard Oil Co. the re- 
placement of bubble-caps by Flexitrays 
in a depropaniser handling 7000 bpd 
resulted in an increased capacity of 
9000 bpd and with slightly greater plate 
efficiency. Archibald Low & Sons Ltd., 
Glasgow. 

BCE 6610 for further information 


Changeover Valve 
Designed originally for use with oil 
coolers in turbo generators, this change- 
over valve is likely to have applications 
in other fields. Its initial purpose has 
been to avoid risk of damage to turbo 
generators through the supply of liquids 
to both coolers being inadvertently shut 
off at the same time. Situations occur in 
many other processes where two valves 
have to be operated with one open, and the 
other closed, but where it is dangerous 
for both to be shut off simultaneously. 
The Charlton changeover control valve 
(patent applied for) has eight wedge 
gates in four valves all operated by a 
single control wheel and shaft. In the oil 
cooler turbo generator application, when 
the four wedges controlling the supply 
of water and oil to number | cooler are 
closed the four opposite wedges are 
opening simultaneously without time lag. 
R. Blackett, Chariton & Co. Ltd., 
Manors Brass Works, Newcastle upon 
Tyne, 1. 
BCE 6611 for further information 
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New Publications 

Bulletin of Special Courses in Higher 
Technology 1959-60. Part 1. Autumn 
Term. Published by London and Home 
Counties Regional Advisory Council for 
Technological Education. The bulletin 
lists special advanced courses held in the 
London and Home Counties region 
which do not regularly appear in college 
calendars or prospectuses as part of a 
grouped course or as subjects offered for 
endorsement on Higher National Certifi- 
cates. Sessional evening post-graduate 
courses leading to higher degrees in 
science (including mathematics) and 
engineering are not included. The Secre- 
tary, Regional Advisory Council, 
Tavistock House South, Tavistock 

Square, London, W.C.1. 
BCE 6612 for further information 


Directory of Institutions and Courses 
in Technology, Commerce, Art and 
Agriculture, Session 1959-60. This gives 
in concise form: (i) A list of all major 
technical, commercial, art and agricul- 
tural institutions in the East Anglian 
region. (ii) Information about the various 
full-time and part-time day and evening 
courses held in Institutions in the Region. 
(iii) An indication of the stage to which 
the work is carried in each Institution. 
Only a general outline of facilities avail- 
able is included; fuller details are to be 
found in the prospectus of the individual 
Institution. East Anglian Regional 
Advisory Council for Further Education, 
County Education Office, Stracey Road, 
Norwich. 

BCE 6613 for further information 


The technique of reinforcing vinyl 
sheeting by bonding the glass fibre to 
produce a strong homogeneous laminate 
is described in a new bulletin issued by 
Artrite Resins Ltd. 

This new process opens up new fields 
of application, both for vinyl sheeting 
and reinforced plastics. For example, it 
may be used for constructing tanks and 
pipes in the processing industries. Bulle- 
tin No. 110-F.655, Artrite Resins Ltd., 
44-6 Kingsway, London, W.C.2. 

BCE 6614 for further information 


Polyester/glass fibre plastics are also 
finding very wide application for vessels, 
tanks and for corrosion-resistant equip- 
ment of special shapes. Other plastic 
materials such as phenolic resins find 
application in the manufacture of acid-, 
alkali-, oil- and solvent-resisting cements. 

Last, but not least, are the uses of thin 
sheeting material (e.g.. PVC) for pro- 
tective clothing. Materials of this kind are 
produced in large quantities by the Dis- 
tillers Group plastic companies, and the 
latest brochure emanating from these 
companies describes the activities and 
applications of the wide range of plastic 
materials they produce. “Synthetic Resins 
and Plastics in the Chemical Industry”, 
British Geon Ltd., British Resin Products 
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Ltd., Distrene Ltd., Piccadilly, London, 
w.i. 
BCE 6615 for further information 

The production of high-quality inert 
gas by the controlled combustion of fuel 
gas or fuel oil is the subject of a recent 
publication from W. C. Holmes. 

Details are provided of the compositions 
of inert gases produced from different 
fuels by means of the Holmes inert gas 
generators, together with capacities of 
these machines. Also described is a gas- 
fired generator—Holmes-Kemp type—an 
important component of which is the 
Holmes-Kemp slide valve carburettor. 
Facilities for compressing, drying and 
storing the inert gas produced by this 
generator are described. 

Finally, a brief account is given of the 
nitrogen generators based upon the com- 
bustion units. Publication No. 64, W. C. 
Holmes & Co. Ltd., Turnbridge, Hudders- 
field. 

BCE 6616 for further information 


Developments in mechanical shaft 
seal design are described in the latest 
brochure from Crane Packing Ltd. 

An important feature of the designs 
which is emphasised in this bulletin is 
the absence of a rubber component in 
contact with the shaft upon which the 
seal is fitted. Special hard metal opposing 
faces are available for conditions where 
fluids containing suspended solids are 
present. Another interesting feature for 
high-temperature conditions is the use 
of extended surfaces at the seatings in 
order to dissipate heat. Information 
Bulletin 18, Types 1A and 2 Mechanical 
Shaft Seals. Crane Packing Ltd., Slough, 
England. 

BCE 6617 for further information 


The principle of operation, perform- 
ance characteristics and dimensions of a 
wet collector for removing entrained solids 
from cupolas are outlined in some detail 
in a new brochure on the Holmes- 
Schneible collector. 

An important feature of this system is 
the control of the acidity of the re- 
circulated water and for this reason a pH 
controller is fitted in the recirculating 
water system. By this means corrosion of 
pipework and collector is averted. W. C. 
Holmes & Co. Ltd., Turnbridge, Hudders- 
field. 

BCE 6618 for further information 


Also described in a recent leaflet from 
the Incandescent Heat Co. is a wet-type 
dust arrester suitable for cupola stacks. 
The largest arrester available is about 
16 ft in diameter and 20 ft high. Control 
panels, water-circulation and _ sludge- 
settling equipment are supplied so that an 
integrated unit is available. Leaflet No. 
FP.2, Incandescent Heat Co. Ltd., Smeth- 
wick, England. 

BCE 6619 for further information 


A new nickel-base alloy, developed as 
a container material for molten fluoride 


salts, is now being produced on a develop- 
mental basis by Union Carbide Corp. 

It is expected that the new alloy 
“Hastelloy N” will be most useful in 
normally corrosive environments involving 
fluorides at high temperatures. An out- 
standing characteristic is its resistance to 
embrittlement upon continuous exposure 
to service temperatures up to 870°C, 
which property, combined with the alloy’s 
corrosion resistance, indicates a valuable 
material for overcoming high-temperature 
corrosion problems. Tests have shown 
sufficient oxidation resistance in air for 
continuous operation at 980°C and inter- 
mittent operation at temperatures to 
1040°C may also be possible in some 
circumstances. 

Alloy N has good weldability and can 
be readily forged. The hot-working range 
is between 870 and 1180°C. It has been 
extruded and produced in the form of 
high-quality seamless and welded tubing, 
and it can also be supplied to order in 
the forms of sheet, plate, bar, wire, 
coated welding electrodes; sand-, shell- 
and investment-castings with guaran- 
teed chemical composition. 

For further information ask for form 
RH-159. Union Carbide International 
Co., Division of Union Carbide Corp., 
30 East 42nd Street, New York 17, N.Y., 
U.S.A. 

BCE 6620 for further information 


The Institute of Physics has just pub- 
lished a 36-page revised edition of its 
booklet to assist less-experienced authors 
and to serve as a reference booklet for 
all those who wish to contribute to the 
Institute’s publications. It is, however, of 
much wider applicability than this, and 
should prove useful to any would-be con- 
tributor to scientific and _ technical 
journals. Under its new title, “Notes for 
Authors”, it gives hints on the prepara- 
tion of scripts and diagrams, on the lay- 
out of mathematics, the correction of 
proofs and so on. In addition to a 
bibliography of reference books and 
works on technical writing, the pamph- 
let also contains lists of the spellings, 
symbols and abbreviations used by the 
Institute. 

Copies of this booklet are obtainable 
from The Institute of Physics, 47 Bel- 
grave Square, London, S.W.1, price 
3s. 6d. including postage. 

BCE 6621 for further information 


The comprehensive range of filters 
manufactured by the Auto-Klean com- 
pany is described in their latest brochure. 
Apart from some very useful instructions 
for installing the filters, applications in 
various industries are indicated—for 
example, there are types suitable for 
separating suspended solid matter from 
caustic alkali solutions, from brines re- 
quired for electrolysis, and for removing 
fine fibres prepared by boiling esparto 
in strong caustic alkalis. A perusal of 
this publication is well worth while for 
anyone with a problem of removing 
small quantities of solids from large 
volumes of liquids. Auto-Klean Strainers 
Ltd., Lascar Works, Hounslow, Middle- 
sex. 

BCE 6622 for further information 
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To all our friends 

we extend 
Cordial Christmas Greetings 
and best wishes 
for 
Health, Wealth and Happiness 

throughout 

the coming Year 
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TAYLOR STAINLESS STEEL 


TAYLOR STAINLESS METALS LTD, *:2:082 ror cncy 60 days 


Buckingham Avenue, Slough, Bucks. Tel: Slough 23951 and at 63 Temple Row, Birmingham 2 Tel: Midland 1430 
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BCE 6550 for further information 
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Month’s 


Hythe Synthetic Rubber Plant 

Exactly one year has passed since the 
International Synthetic Rubber Co. Ltd. 
went into full production at their new 
£6-million plant at Hythe on Southamp- 
ton Water. In the course of that year, 
IL.S.R. have increased their range of 
styrene-butadiene synthetic rubber from 
three to six types. The company now 
lists Australasia, Africa, India, Scan- 
dinavia, Western and Eastern Europe 
and the Near and Far East among their 
customers, to whom an increasing ton- 
nage of rubbers is being exported. In 
September of this year LS.R. announced 
that, in view of the increased demand for 
synthetic latex, work had commenced on 
a new plant at Hythe which would pro- 
duce 24 million gal. of this material a 
year. This announcement, following 
closely on the appointment of I.S.R. as 
sole agents in the U.K. for SOCA- 
BUTYL, a product of the Société du 
Cautchouc Butyl (Socabu), is seen as a 
clear indication that synthetic rubbers 
are fast superseding the natural material 
in many branches of industry. I.S.R. at- 
tributes its expansion in part to the high 
standard of the technical service afforded 
to manufacturers. The  well-manned 


laboratories at Hythe have produced 
reports on a considerable number of 
applications for synthetic rubber, and 


individual requirements are given im- 


mediate attention. 


British American Desulphuriser 

A new distillate desulphurisation unit 
of 8000bpd capacity recently went on 
stream at The British American Oil Co. 
Ltd.'s Clarkson refinery. Canadian Kel- 
logg Ltd.. Toronto, a subsidiary of The 
M. W. Kellogg Co., New York, was con- 
tractor for complete design, engineering, 
procurement and construction. The unit 
is designed to remove 90% of the sulphur 
content in three charge stocks: fluid 
catalytic cracking light cycle oil, stove 
and diesel base. It will be run in blocked 
operation with intermediate storage. 
Hydrogen will be supplied trom reformer 
gas and a pellitised cobalt-molybdenum 
catalyst will be used. This unit has been 
designed by Kellogg to enable capacity 
to be doubled with the minimum of 
changes. The addition of a second reac- 
tor equipped with its own separator and 
fractionator system will enable the unit 
to handle either two distinct feedstocks 
or double any one feedstock. 


Inert Gas Generators at Irish Refinery 

For providing inert gas for catalyst 
regeneration at the  recently-opened 
Whitegate refinery of the Irish Refining 
Co. Ltd.. W. C. Holmes have supplied 
one of their inert gas generators. The 
unit, shown in position at the refinery, is 
a propane-fired, 30,000-cfh generator. 
The quality of the gas, which contains 
no CO and not more than 0.5% Ob: is 
automatically controlled, and can be 
varied depending upon requirements. 
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Cooling takes place in indirect coolers 
and the gas is discharged at a tempera- 
ture within 5°F of the cooling water 
temperature. 


Contracts 


Chemical Construction (G.B.) Ltd. 
have been awarded a contract by N.V. 
Maatschappij Tot Exploitatie Van 
Kooksovengassen (or MEKOG), 
Ijmuiden, Holland, for a gas re-form 
plant to treat natural gas for the produc- 
tion of ammonia synthesis gas. 

The plant will re-form approximately 
125,000 m‘/day of natural gas and is 
followed by a CO conversion plant pro- 
ducing a gas suitable for sending to the 
existing purification and ammonia syn- 
thesis plant. 


Another plant of considerable interest 
engineered recently by the same company 
in conjunction with Dorr-Oliver Ltd. is 
a Lurgi-type fluid-bed roaster for the 
decomposition of by-product ferrous sul- 
phate to iron oxide and sulphur dioxide. 
The latter is converted to the trioxide in 
a contact sulphuric plant. This is the first 
plant of its type in the United Kingdom. 


Constructors John Brown Ltd. have 
been awarded a contract from the East 
Midlands Gas Board for the installation 
of a high-pressure pipeline from coke 
ovens at Scunthorpe, southward to Lin- 
coln and Gainsborough. This pipeline is 
an extension to the existing North 
Lincolnshire grid main and will convey 
additional quantities of coke oven gas 
which has become available to works 
in the south of the county. Work on 
the pipeline has commenced and com- 
pletion is anticipated in the summer of 
1960. 


News Briefs 


G. & J. Weir Ltd. have completed a 
manufacturing agreement with Clark 
Bros. Co. (Division of Dresser A.G.), 
which provides for the manufacture by 
the Weir organisation in Glasgow of 
Clark centrifugal and reciprocating com- 
pressors with both motor and gas-engine 
drives. The complete line will be avail- 
able for purchase in sterling throughout 
the world through Clark Bros. Co., 
Division of Dresser (Great Britain) Ltd.., 
197 Knightsbridge, London. S.W.7. 

H. J. Elliott Ltd., of Glamorgan, have 
informed us that their distributors of 
E-MIL volumetric glassware in Australia 
have announced the foundation of the 
Selby Fellowship which is open to scien- 
tists at doctorate level from any country 
of the world, in any field of science, for 
one year at any Australian university or 
research establishment. Stated to be the 
first of its kind ever to be awarded in 
Australia, the emolument is worth £1500 
(Australian), plus the return fare to and 
from Australia. Full details can be ob- 
tained from The Secretary, Australian 
Academy of Science. Canberra, A.C.T. 


News in Brief 





A Lurgi-type fluid-bed roaster for the decomposi- 
tion of by-product ferrous sulphate to iron oxide 
and sulphur dioxide 


The United Kingdom Atomic Energy 
Authority are seeking the necessary ap- 
provals to acquire and develop a site of 
some 175 acres within the perimeter of 
the Royal Naval Airfield at Culham, 
Oxfordshire, for development as a new 
research establishment. The new estab- 
lishment would be for research into 
controlled thermonuclear and research 
now carried on at Harwell and Alde- 
maston will be moved to the new 
establishment. 

The Compressor Division of Demag 
A.G., of Duisberg, have recently signed 
an agreement with William H. Capper & 
Co. Ltd., Mayfair House, 8/9 Hertford 
Street, London, W.1, under which the 
British firm are appointed sole represen- 
tative in the United Kingdom and 
Northern Ireland for the sale of all the 
products of the Department. These in- 
clude reciprocating, turbo- and axial- 
flow and rotary compressors, centrifugal 
blowers and a wide range of mining 
equipment. 

Three miles of carbon-steel tubing 
were used in each of the air blast coolers 
recently completed by Spiro-Gills Ltd. 
for the Kuwait Oil Co., for installation in 
their first natural-gas injection plant. 

Increased demand for Tantiron, the 
original corrosion-resistant high-silicon 
iron for acid plant, has led to the instal- 
lation of an additional melting furnace 
by the Lennox Foundry Co. Ltd. at New 
Cross. This furnace has a capacity of 200 
tons per annum. 

An agreement for the establishment of 
an oil refinery at Barauni (Assam) 


between the Governments of India and 
the U.S.S.R. was concluded in New Delhi 
on September 28. The Barauni refinery 
will be designed to process about 2 mil- 
lion tons of crude oil per annum. 





View of the W. C. Holmes inert gas regenerators 
at the Whitegate refinery 
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BCE 6551 for further information 


PRESSURE 
VESSELS 
with 

a 

NAME 





The name COCHRAN is mainly associated with 
marine auxiliary and industrial steam boilers of 


correct design and careful workmanship. 


The same name attached to a pressure vessel is 


your guarantee of excellence. 


Made throughout at Newbie Works, Annan, 
Dumfriesshire, COCHRAN Class I fusion welded 
pressure vessels are built in sizes ranging from 

I’ 6” to 14’ o” diameter, 5’ 0” to 100’ 0” in length 
and up to 100 tons in weight. 

Send us your pressure vessel enquiries—you 


will find that our prices are right. 


Cochran & Co., Annan, Limited, Annan, Dumfriesshire. Annan he 
34 Victoria St., London, $.W.1. ABBey 4441. 
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People 

Mr S. H. W. Pert, who has been 
managing director of Bowmans Chemi- 
cals Ltd. for the past 33 years, having 
now reached retiring age, has relin- 
quished that post and resigned from the 
board of directors with effect from 
October 31, 1959. Mr. M. H. M. Arnold, 
who joined the company as technical 
director at the beginning of 1958, has 
been appointed managing director as 
from November 1, 1959. 

Mr. D. G. Hill has been appointed 
manager of the air filter department of 
Air Control Installations Ltd. Mr. Hill 
has been with this company for over 
12 years, and was trained in the works 
and worked in several departments of 
the company before being appointed as- 
sistant manager, Filter Department, some 
18 months ago. 

A South Wales area sales office has 
been established by Birlec Ltd. in 
Cardiff. Mr. W. H. Statham, who is 
appointed area representative for South 
Wales, has his headquarters at Associated 
Electrical Industries Ltd., Mervyn House, 
Frederick Street, Cardiff, telephone Car- 
diff 28511. Mr. Statham joined Birlec 
Ltd. in 1946, and prior to his new ap- 
pointment was a sales engineer in the 
Furnace Division of the company. 

Mr. D. K. Fraser, at present managing 
director of Petters Ltd. of Staines, will 
be joining the board of G. A. Harvey & 
Co. (London) Ltd. 

Mr. L. Schepers, a managing director 
of the Royal Dutch/Shell Group of Com- 
panies, has been appointed chairman of 
Shell Chemical Co. in succession to Mr. 
F. A. C. Guepin, who retired in June this 
year. Mr. Schepers studied at Delft Tech- 
nical University and entered the service 
of Shell in 1926. He has served in In- 
donesia, Argentina, Venezuela and Dutch 
New Guinea. After the war he had 
assignments in the United States and 
Venezuela, where he remained until tak- 
ing up an important position in Bataafse 
Petroleum as head of production depart- 
ment in January, 1951. A year later he 
became a managing director of the Royal 
Dutch/Shell Group. 

Mr. J. A. Harley has been appointed 
deputy managing director of Steele & 
Cowlishaw Ltd., of Hanley, Stoke-on- 
Trent, one of the companies in the Baker 
Perkins group. A Canadian, Mr. Harley 
was educated at Toronto University, 
where he received the degree B.A.Sc. in 
Mechanical Engineering. He is also a 
member of the A.S.M.E. He held execu- 
tive positions with Canadian Baker Per- 
kins Ltd., of Brampton, Ontario and 
Baker Perkins Inc., of Saginaw, U.S.A., 
before joining Baker Perkins Ltd. in this 
country in 1958. Mr. Harley joined Steele 
& Cowlishaw Ltd. in January. 

Mr. F, C. Braby (chairman and manag- 
ing director of Fredk. Braby & Co. Ltd.) 
has been elected chairman of the Council 
of The British Non-Ferrous Metals 
Research Association to succeed Dr. 
Maurice Cook, who retires from office 
on December 31. 

Mr. Airey Neave has been appointed 
to the main board of directors of John 
Thompson Ltd., of Wolverhampton. His 
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appointment took effect from October 
21 and he directs the London affairs of 
the John Thompson group. 

Lord Baillieu, president of the Dun- 
lop Rubber Co., was elected as the first 
president of The British Institute of 
Management at its recent annual general 
meeting. 

Mr. J. E. Smith takes up the position 
of managing director of the National 
Gas & Oil Engine Co. Ltd. on January 
1, 1960. He will also become a member 
of the board of Hawker Siddeley Indus- 
tries Ltd. Mr. Smith, who is 45 years 
old, is at present a director of Richard- 
sons Westgarth & Co. Ltd. and managing 
director of their subsidiary, The North 
Eastern Marine Engineering Co., and 
will resign from these appointments on 
that date. 

Major W. R. Brown has now relin- 
quished the post of joint managing direc- 
tor of The Power-Gas Corporation Ltd., 
but continues as chairman of the board. 
Mr. C. E. Wrangham is now sole manag- 
ing director of the company and con- 
tinues as vice-chairman of the board. 

Dr. K. J. Lynes, works and production 
director of Pfizer Ltd., has been ap- 
pointed a director of Kemball, Bishop & 
Co. Ltd., a subsidiary of Pfizer Ltd., the 
Kent manufacturing chemists. 


Meetings of the Month 


Institution of Chemical Engineers 

December 1. North-Western Branch. 
At Blossoms Hotel, Chester. “Some Ex- 
periences of the Fluidised Solids Tech- 
nique”, by J. E. Lloyd. 7 p.m. 

December 2. Midlands Branch. At 
Midland Hotel, Birmingham. “Sieve 
Tray Performance at Reduced Pressure”, 
by S. R. M. Ellis, P. E. Barker and R. N. 
Contractor. 7 p.m. 

December 3. Graduates and Students 
Section, At Caxton Hall, Westminster, 
London, S.W.1. Films on the Carbonisa- 
tion of Coal. 6.30 p.m. 


December 8. North-Western Branch. 
At Manchester Technical College, Jack- 
son Street, Manchester. “Chemical En- 
gineering Problems in Hydrogen Per- 
oxide Production”, by W. R. Holmes. 
6.30 p.m. 


December 17. Scunthorpe Group. At 
Grimsby College of Further Education, 
Nun's Corner, Grimsby. “Distillation”, 
by D. C. Freshwater. 7.30 p.m. 


Society of Chemical Industry 

December 3. Bristol Section. At The 
University, Woodland Road, Bristol, 8. 
Joint Meeting with Chemical Society. 
Royal Institute of Chemistry and Insti- 
tute of Metals, “Beryllium Metal: Produc- 
tion, Properties and Applications”, by 
Dr. G. A. Wolstenholme. 6 p.m. 


December 3. At Central Hotel, Glas- 
gow. The Ramsay Dinner, 6.30 p.m. 


December 10. Aberdeen and North of 
Scotland Section. At University Union, 
Aberdeen. Joint Meeting with Chemical 
Society and Royal Institute of Chemistry. 
“Chemical Kinetics in Relation to 
Large-scale Production”, by Prof. Den- 
bigh. 8 p.m. 


December 16. Dublin Section. At Uni- 
versity College, Dublin. “Chemical 
Reactions as Seen by Chemists and 
Chemical Engineers”, by Prof. P. V. 
Danckwerts. 5.30 p.m. 


Institution of Mechanical Engineers 


December 2. At 1 Birdcage Walk, 
Westminster, London, S.W.A1. “Sealing 
Characteristics of Stuffing-Box Seals for 
Rotating Shafts” by D. F. Denny and 
D. E. Turnbull. 6 p.m. 

December 9. At 1 Birdcage Walk, 
Westminster, London, S.W.1. “Design 
and Construction of Power Station Feed 
Heaters” by J. V. Bigg and “Flash 
Evaporators for the Distillation of Sea 
Water” by A. Frankel. 6 p.m. 

December 10. At 1 Birdcage Walk, 
Westminster, London, S.W.1, Discussion, 
“Practical Training of Engineers”. 6 p.m. 

December 17. At Leeds University. 
Joint Meeting with Yorkshire Associa- 
tion of The Institution of Civil Engineers. 
“The Effect of Nuclear Radiation on 
Engineering Materials” by A. H. Cot- 
trell. 6.30 p.m. 


Institute of Petroleum 
December 2. At 61 New Cavendish 
Street, London, W.1. “Potentialities of 
Urea in Dewaxing Middle and Heavy 
Distillates” by J. Marechal and P. de 
Radmitzky. 5.30 p.m. 


Royal Institute of Chemistry 
December 2. At Battersea College of 
Technology, Battersea Park Road, Lon- 
don, S.W.11. “Ton Exchange Membranes 
and Their Application”. 6.30 p.m. 


Institute of Welding 


December 9. At 54 Princes Gate, Lon- 
don, S.W.7. “Plate Characteristics for 
Welding”, by J. C. Needham. 7 p.m. 


Coming Events 
November 23-28. National Industrial 
Safety Campaign for 1959. 
November 24. At The Royal Institu- 
tion, Albemarle Street, London, W.1. 
Institution of Chemical Engineers and 


British Nuclear Energy Conference 
Symposium on Nuclear Energy. 2.30 p.m. 


November 26-27. At Grand Council 
Chamber, Federation of British Indus- 
tries, 21 Tothill Street, London, S.W.1. 
Society of Chemical Industry and Insti- 
tute of Petroleum Symposium. “Corro- 
sion Problems of the Petroleum In- 
dustry”. 9.30 a.m. and 2.30 p.m. 

November 27. At Imperial College of 
Science and Technology, Prince Consort 
Road, London, S.W.7. Colloquium No. 
3. “A Model for a _ Nearly-perfect 
Mixer”, by T. W. Willemse. 3.15 p.m. 

December 11. At Imperial College of 
Science and Technology, Prince Consort 
Road, London, S.W.7. Colloquium No. 
4. “Bursting Discs and Their Operation 
under Dynamic Pressure Loading”, by 
G. Munday. 3.15 p.m. 
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